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Aquaculture  is deve lop ing  into a p r im e  Industry to  t a p  m e  enormous 
turnover  o f  bioenergy fo r  th e  l>enefii o f  mankind. S ince  aquaculture 
depends on renewable n a tu r a l  resources i t  holds im m ense  poten tia l  for 
food p roduct ion  with in f in i te  future for hund reds  of years  to  com e. When 
man beg an  to  enclose w a t e r  and c rea te  ponds  for  fish c u l tu r e ,  he appreci­
a ted  t h e  problems o f  over-popula tion, d isea se s ,  the  influence o f  tem pera tu re  
and o t h e r  fac to rs  involved in the  production o f  fish.
T he  importance o f  d isease  factor  in th e  fishery has b e e n  appreciated 
by m a n  only lately. ’ Fish diseases a r e  be ing  understood a s  a limiting’ 
fa c to r  and  various m e th o d s  a re  being s o u g h t  to  con tro l  t h e  diseases. 
The p reven t ion  of d isease  is becoming m o re  im portant th a n  i ts  therapy. 
Tne re l e v a n c e  of im m un iza t ion  of fish b e c o m e s  more c lea r  in th is  context. 
Im m uniza tion  against d ise a se s  can and should  play an im p o r ta n t  role in 
the m a n ag em e n t  o f  in tens ive ly  cultured f ish .
Vaccination of f ish  is the main f o r t e  of immunology applied to  
f isheries .  This needs a n  indeptn know ledge o f  the im m u n e  system o f  
fish w hich  in turn ca lls  fo r  detailed inves t iga t ions  into t h e  fish immune 
system .
S tudy  of fish im m unology  assumes im por tance  even o n  o th e r  counts. 
Imm unological systems o f  f i sh e s  po ten tia lly  c a n  give clues  to  th e  presence 
of hum an  disease an t ig en s  present in th e  environment (Janssen ,  1970).
Also th e  fish 's im m une  system may help  to m onitor  pollution levels  
o f  tox ins .  Phylogenetics, teleology and  ontogeny are  s o m e  o f  the o th e r  
sp ec ia l ized  fields co n ce rn ed  with the  d e v e lo p m e n t  o f  t h e  im m une  response. 
The c re a t io n  and m a in te n a n c e  o f  l a r g e  fishery re so u rc e s  depend upon 
a  d e l i c a t e  ecological web. The an t igen -an t ibody  balances in  th e  environment 
a re  in t e g ra l  factors o f  biochemical in te r a c t io n s  which build  up a fish 
popula tion .  These p>opulations are  o f  im portance  to  th e  com mercial 
f ish e r ie s ,  the  sport f i sh e r ie s  as well a s  t h e  hobbyists d e a l in g  with exo t ic  
t ro p ic a l  fishes.
O f  la te  considerable  in terest  has  b een  developed in  th e  study o f  
fish immunology, following th e  rapid expansion  of fish f a rm in g .  However, 
even  to d a y  our knowledge about fish immunology is l im i te d  to  only a  
very few  species. H en ce  any  genera l isa t ion  about fish immunology will 
be p r e m a tu r e  as fish is th e  most var ied  o f  all v e r t e b r a te s .  There is 
hard ly  a n y  study on th e  im m une  system o f  t h e  Banded p e a r l  sp o t  Etroplus 
su ra te n s is  which is an im p o r ta n t  brackish  w a te r  fish c u l tu r e d  extensively 
in ponds and  tanks. H ence  an a t t e m p t  was made th ro u g h  the present 
s tudy  t o  investigate th e  d i f f e r e n t  a sp e c ts  o f  immune re sp o n se  in Etroplus 
su ra te n s is  with the following objectives.
1. T o  evaluate the h u m o ra l  immune response to d i f f e r e n t  antigens.
2. T o  assess the d i f f e r e n t i a l  response to  different d o ses  o f  antigen.
3. T o  evaluate  the  v a r i a t io i s  if  any in immunological r e s p o n s e  dependent 
on th e  route o f  a n t ig e n  adm inistra tion.
4. To study and co m p are  the im m unological re sponse  in d i f fe re n t  
s ize  groups.
5. To assess the immunosuppressiv'e e f f e c t  o f  the h e a v y  metal Copper 
(Cu) if any.
6. To test  the e f fe c t iv e n e ss  of im m uniza tion  in p ro te c t in g  the fish 
against the b a c t e r i a l  infection v iz . .  Aeromonas hydrophiU a.
7. To evaluate th e  ce l lu lar  response along with h u m o ra l  immune r e s ­
ponse.
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IMTRODUCM
INTRODUCTION
Aquaculture  is b eco m in g  an inc reas ing ly  im portant s o u r c e  for m ee ting  
the e v e r  increasing n e e d  o f  protein r ich  food .  In sp ite  o f  th e  all round 
d ev e lo p m en ts  in various a sp e c ts  of a q u a c u l tu re ,  the o c c u ra n c e  of disease 
s ti l l  r e m a in s  as a major problem  to b e  solved. H ence development o f  
p rev en t iv e  measures a g a in s t  diseases is o f  v i t a l  im portance fo r  the success 
o f  a q u a c u l tu re  programm es.
T rad itional m e thods  o f  disease c o n t r o l  using c h e m ic a l  t re a tm en ts  
may n o t  be always e f f e c t iv e .  They can  b e  expensive a n d  c a n  cause pro­
blem s o f  pollution (Semuelsen, 1989) and o f  d ru g  res is tance  in th e  pathogen 
(Bjorklund £ t  1930 a n d  Holmer, 1991). Many of the  ch em o th e ra p eu t ic  
ag e n ts  m a y  have toxic s ide  e f fec ts  a n d  a r e  often g ro w th  re tardants .
In a d d i t io n  to  this, prophylaxis  is only fo r  s h o r t  periods a n d  to x ic  chemicals 
may be re ta in ed  in the a n im a l .
Considerir^  the  num erous  d isad v a n tag es  of an t ib io t ic s  and chemo­
th e ra p e u t i c  agents, ta p p in g  th e  innate d e f e n s e  system v iz . ,  the  immune 
sy s tem  o f  the animal i t s e l f  should fo rm  th e  back bone o f  the  disease 
co n t ro l  measures.
All animals have t h e  ability to  d i f f e r e n t ia te  ' s e l f  f ro m  'n o n se lf ,  
the  e s s e n c e  o f  disease p reven tion  (N ew m an, 1993). T hough  mechanisms 
vary  considerably  be tw een  phyla, they  a l l  s e rv e  the s a m e  b as ic  purpose, 
to  p r e v e n t  foreign o rgan ism s  from invading th e  host and c au s in g  diseases.
Fishes a re  t h e  o ldest and m o s t  diverse of a l l  ve r teb ra te  g roups.  
T h e  immune system  o f  fish are  q u i t e  varied and a p p e a r  associated v/ith 
f ish  phylogeny (Sfiarma, 1981). The m o re  prem itive gp'oups often possess 
a  v e ry  simple im m une  system. In c o n t r a s t ;  the m o re  advanced Tteleost 
f i sh  possess immune s t ru c tu re s  ap p roach ing  the co m p lex i ty  and e f f ic ien c y  
o f  h ighe r  v e r teb ra te s .
The proper app l ica tion  o f  immunology te c h n iq u e s  for diagnosis, 
p re v e n t io n  and t r e a t m e n t  of diseases in th e  field o f  h u m a n  and v e te r in a ry  
m e d ic in e  have lead t o  successful e r a d ic a t io n  of many d is e a se s  and inc reas ing  
t h e  effic iency and q u a l i ty  of life. Y e t  the ap p l ica t io n  of immunology 
p r in c ip le s  in the f ish e ry  fie ld  has been  slov/.
Immunology cou ld  be used in f ishe r ie s  outside t h e  relam  o f  d ise a se  
p re v e n t io n  to exp lo re  rac ia l  and g e n e t i c  d ifferences  am o n g  marine and  
f r e s h  w ate r  fishes (Anderson, 1974), to  monitor pollu tion levels' of tox ins  
e t c .  (Goncharov and Mikryakov, 1970).
Most of the  ava i lab le  in fo rm a t io n  on the im m u n e  responses o f  
T e le o s t s  is based on s tu d ie s  of r e la t iv e ly  few  species, a n d  these  a re  p r in c i ­
p a l ly  Salmonids and Cyprinids of t e m p e r a t e  region. In form ation  ava i lab le  
on t h e  immune sy s tem  o f  tropical fish s p e c ie s  and the  t r o p i c a l  fish d isea ses  
is l im i te d .  In India v e ry  few im m unolog ica l  studies h a v e  been done in 
f ish ,  and  the ava i lab le  information is in  Tilapia and f r e s h  water C arps .
T he  Banded p e a r l  spot, E troplus sura tensis  (Bloch) is an ex ce l le n t  
d e l ic io u s  fish ex tens ive ly  cultured. I t  is  v e ry  common in t h e  b rackishw aters
o f  th e  coaslal reg ions  o f  Kerala, T a m il  Nadu, Andhra Pradesh  and O rissa  
(T a lw ar  and Jh ingran ,  1991). Since t h e  immunological a s p e c t s  of Etroplus 
su ra te n s i s  have no t  y e t  been in v e s t ig a ted ,  the p re se n t  s tudy was ta k e n  
up in th is  species.
The immune response  of f ish have  been c a te g o r iz e d  c lassically  
a s -  spec ific  or a d a p t iv e  and nonspecific  o r  nonadaptive (Paperm aster  
a l . , 1964). "Specific im munity  is in d u c ed  in response to  presence o f  a 
fo re ig n  antigen, an a d a p t iv e  acquired d e fe n s e  system w ith  humoral (antibody) 
an d  cellu lar (graft r e je c t io n ,  delayed hypersensit ivity) com ponents .  Non­
sp e c i f ic  immunity is a  na tu ra l  or in n a te  nonantibody d e fe n se  system r e n ­
d e r in g  animals r e i s t a n t  to  microbial in fec tion ,  with h u m o ra l  (complement, 
lysozym e, interferon, transferr in ,  l e c t in s ,  C -reac t iv e  protein, n a tu ra l  
agglutin ins,  lysins a n d  precipitins), c e l lu la r  (phagocyte) components and 
s t r u c t u r a l  (skin, gills, mucus, and a l im e n ta r y  canal) com ponents"  (Ingram, 
1980),
The specific i jnm une response h a s  two arms: humoral im m unity  
m e d ia te d  through th e  production o f  an t igen  specific  antibodies by *B' 
lym phocy tes  and c e l l  m ediated  im m unity  which is m a in ly  depending on 
'T '  lymphocytes. T h e se  tw o m echanism s co-operate  e a c h  o ther .  Exposure 
to  an  antigen resu lts  in  th e  s tim ulation o f  a  small num ber  o f  virgin lym pho­
c y t e s  which a re  c a p a b le  o f  recognizing th e  antigen th ro u g h  specific an t ig en  
r e c e p to r s .
The fishes have  e  variety o f  lym phopoietic  t i s su es ,  the pronephros 
a c t i n g  as  the main s t e m  cell g e n e r a to r  in Te leoste i ,  w ith  the th y m u s  
a n d  sp leen  playing ro le s  a s  primary a n d  secondary lym pho id  organs (Fange, 
1982). The production  o f  antibodies in  response to  a n t ig e n ic  s t im ula t ion  
in  f ish  was d e m o n s t ra te d  in the beg inn ing  of this c e n tu r y  itself (Qabes 
a n d  ^ e g l e r ,  1903 <!c Noguchi, 1903 c i t e d  by Corbel,  1975). H owever,  
t h e  progress  in the  f ie ld  o f  fish im m unology  is co m p ara t iv e ly  slow.
Antibodies a r e  g lycoprotein  m o le c u le s  which e x h ib i t  the p ro p e r t ie s  
o f  immunoglobulins (Singleton and Sainsbury ,  1978). In f ish  only IgM c la s s  
o f  immunoglobulin h as  been def in i te ly  identified (H odgins  ^  aL, 1967j 
C le m  and Leslie, .1969; F letcher a n d  G rant,  1969; S he l ton  and Sm ith ,  
1970; Marchalonis, 1971; Singel, 1974j Ellis  and Parkhouse ,  1975; L i tm an ,  
1975; £mm rich £ t  1976; E t l inge r  al.,  1976; C le m  £ t  1977;
W arr  ^  1977; R o b e r ts ,  1978; W arr  and M archalonis, 1980; Manning 
e t  a l . , 1982 and Ellis ,  1985) a l though o th e r  classes h a v e  been re p o r te d  
in Elasmobranchs a n d  Dipnoids (M archalonis ,  1969; C h a r t r a n d  and F ins tad ,  
1971),
With few e x c e p t io n s  (Uhr, et.  ^962; M archalonis ,  1971 op. c i t . )  
immunoglobulin of T e le o s ts  has been reco rded  as a  t e t r a m e r ic  m olecule  
w i th  a  molecular w e ig h t  o f  ap p ro x im a te ly  6,50,000 d a l to n s  (Shelton a n d  
S m i th ,  1970 op. c i t . ;  A cton  H  al.,  1971; Hall ^  a h ,  1973; C isar and  
F r y e r ,  1974).
Im m unochem ical properties  o f  f ish  antibodies w e re  s tud ied  by various 
in v e s t ig a to rs  such a s  G rey ,  1963j A m brosius ,  1966; C le m  and  Small, 1967;
C lem  1967, iMarchalonis and Ede lm an , 1968; F id le r  _et 1969
and Alexander 1970. Tne genera l  impression ga in ed  from  tfie l i te r ­
a t u r e  is tha t  Teieost immunoglobulins a r e  predominantly o f  macroglobulin 
type .  Different b io logical properties su ch  a s  agglutination, pFecipitation, 
co m p le m e n t  fixation a n d  virus n e u t ra l iz a t io n  had been  dem onstra ted  in 
fish ind icating  functional heterogenity  o f  antibodies (Lobb a n d  Clem, 1981).
Cellular immune response have b een  reviewed by  Rijkers (1982a) 
who included under th i s  mixed le u co cy te  reactions, m ig ra t io n  inhibition, 
d e lay ed  hypersensitivity, a l log ra f t  r e je c t io n  and  t i Jm o r  im m u n i ty .  P resence 
o f  subpopulations of lym phocytes  in f ish  has  been r e p o r te d  by Secombes 
e t  a l . , 1983. There a r e  evidence for t h e  presence o f  d e lay ed  hypersen­
s i t iv i ty  and allograft re jec t io n  in fish (D reyer and King, 1948; F ins tad  
and Good, 1964; Baldo and Fletcher, 1975; Timur ^  1977 and Goven 
e t  a h ,  1980).
The nonspecific cellu lar responses  a re  phagocytosis ,  activ ity  o f  
n a tu r a l  killer (NK) ce l ls  and  cy to toxic ity  o f  phagocytic ce l ls .  The phago­
c y t ic  sy s tem  not only in g e s t  and kill microt>es b u t  also  s t im u la te  an t ig en -  
s p e c i f ic  immune response enhancd by a c t iv a t io n  of the com plem en t  sys tem  
(R ijkers ,  1982b).
-A number o f  su b s tan ces  a re  found  in the blood o f  fish such as  
le c t in s ,  lysozyme, in t e r f e ro n ,  C -reac t ive  pro te in ,  t r a n s f e r r in ,  com plem ent,  
p roperd in ,  other n a tu ra l ly  occuring agg lu tin ins ,  lysins, opson ins  and p re c i -  
p i t ins  having pro tective  funct ions  (Sindermann, 1990).
Secretory an t ibod ie s  have b e e n  identified in skin  and iniestinHl 
m ucus  o f  Teleosts. Antibodies w ere  d e te c te d  in th e  m ucus  of tne Plaice, 
P leu ronec tes  p la te s sa  (F le tcher  and G ra n t ,  1968; 1969 op. cit.) and tne  
S n apper ,  Lutjanus g r isen s  (Barctshaw ^  1971).
The immune responses of f ish  a r e  influenced by several env iron ­
m e n ta l  and physiological factors. T / iese  include en v i ro n m en ta l  te m p era tu re ,  
w a te r  quality, s t re s s ,  seasonal e f f e c t s ,  pollutants,  d rug^, hormonal changes,  
pherom ones,  h ie ra rch ia l  position o f  t h e  individual in  socia l  o rder,  sex 
r a t i o  o f  the popula tion ,  stocking d e n s i ty ,  in te rc u r re n t  infections a n d  a 
v a r i e ty  of other f a c to r s  (Bisset, 1948; Barrow, 1955; Avtalion 1969 
P e r lm u t te r  1973; Pfuderer e ^  1974; Avtalion 1976, 1980
Y am aguchi ^  aL, 1980; Lamers and P ilarczyk , 1982; S to len  ^  1982 
Manning and Mughal, 1985).
Many studies have  shown t h a t  antibody p ro d u c t io n  is slower a t  
low tem pera tu res  w ith in  the norm al physiological r a n g e  of a p a r t ic u la r  
sp e c ie s  o f  fish (Cushing, 1942; Bisset, 1949; Kuhns 1969 and Anderson
1974 op. cit.). T e m p e ra tu re  -  d ep en d e n t  processes in c luded  pro lifera tion  
and  d ifferen tia t ion  o f 'B '  cells, as w ell  a s  antibody s y n th e s is  and re le a se  
(R ijke rs ,  1982b op. c i t . ) .  On the o th e r  hand antigen recogn it ion  and p ro ­
ce s s in g  is re latively independent o f  te m p e ra tu re  (H o rn e  ^  1982).
The existence o f  immunological m em ory  in fish  is  o f  interest bo th  
fo r  fundam ental r e s e a r c h  (study of th e  phylogeny o f  t h e  im m une response) 
and a lso  for applied r e se a rc h  (seeking b e t t e r  m ethods fo r  immunization
o f  f ish  against pathogens).  The e x i s t e n c e  of immunological memory had  
b een  proved in a n u m b e r  of species (Avtalion, 1969 op. c i t . j  Trump a n d  
H ild em an ,  1970; A m bros ius  and F re n z e l ,  1972; Ingram  and  Alexander,  
1980). Only living t i s su e  can evoke immunological m e m o ry  (Rijkers, 1982 
a  op. c i t . ) .  The m o s t  im portant a s p e c t  o f  the sp e c i f ic  immune s y s te m  
e x p lo i te d  by vacc ina t ion  is the e s ta b l i sh m e n t  of im m une  memory which 
h as  a  long duration. For  a  vaccine to  have  com m erc ia l  application, t h e  
d u ra t io n  o f  protection induced is of v i t a l  importance.
Soluble protein an t ig en s  such as ovalbum in and Bovine Serum Albumin 
CBSA) a s  well as b a c t e r i a l  antigen A erom onas  hydrophila EMU 20 w ere  
used as  antigens in th e  p resent study. Sudha  (1990) r e p o r te d  good an t igen ic  
re sp o n se  in Tilapia m ossam bica by ovalbumin. The im m unogeneciiy  o f  
a n t ig e n s  varied b e tw een  fish species (Ellis,  1988a). A cco rd in g  to A vtalion  
e t  a l . , (1980), BSA is a  good immunogen in Tilapia even  w ithout ad juvant.  
But Hodgins e^ ah ,  (1967 op. cit) r e p o r te d  th a t  BSA is a  poor immunogen 
in ra inbow  trout even when injected w i th  adjuvant. A erom onas  hydrophila 
is a  p o te n t ia l  vaccine cand ida te  for m a n y  fishes of w a rm  water as well 
as c o ld  w a te r  (Newman, 1993 op. cit.)
T he  immune re sp o n se  to d i f f e r e n t  levels  of a n t ig e n  was eva luated .  
The le v e l  of antibody production is u su a l ly  correlated w ith  the dose o f  
a n t ig e n  administered. Very high doses  o f  antigen in je c te d  into fish c a n  
induce  tolerance (Wishkowsky and A vta l ion ,  1982). But low antigen lev e ls  
m ig h t  induce only w eak  response and  poor memory (Stevenson, 1988). 
H en ce  adm inis tra tion  o f  an optimum d o se  o f  antigen is im p o r ta n t  to  e l ic i t
a p o s i t iv e  immunity to  provide protection.
The magnitude o f  th e  primary a n d  secondary re sp o n ses  have been  
sfiown to  be route d e p e n d e n t  for in je c te d  antigens (R ijkers  et^ 1980a). 
The identif icat ion  o f  an  e f fec t ive  ro u te  for  adm inis tra tion  o f  the an t igen  
is a l s o  im portant in su c c e s s fu l  vacc ination  programmes. H en ce  the immuno­
log ica l  response to d i f f e r e n t  routes  o f  a n t ig e n  adm in is tra t ion  was eva lua ted  
in th e  p resen t  study.
The specific im m u n e  system will n o t  be fully m a t u r e  for severa l  
w eeks  in the newly h a t c h e d  fish. F ishes a r e  capable o f  m ounting humoral 
and c e l l  mediated im m u n e  response o v e r  a  certain  a g e / s i z e  thresholds, 
t h o u g h . these  thresholds have  not been v^orked out in m o s t  o f  the species  
(Johnson _e^ ah, 1982). Application o f  vaccine in young  animal has to  
be done  with lot of p recau tions  as t h e  young fish, i f  vacc ina ted  be fo re  
its im m une  system is properly  developed m ay acquire to le ran ce  (Botham 
and Manning, 1981; A nderson  e t  1982).
As many d iseases  a f fe c t  fry^ i t  is very im p o r ta n t  to de te rm ine  
the  e a r l ie s t  age when f ish  can be success fu lly  v acc in a ted .  The success  
of v acc ina t ion  appears  to  be a function o f  the weight o f  th e  fish r a th e r  
than  th e  age (Johnson ^  aL, 1982 op . c i t . ;  Ta tner a n d  Horne, 1983). 
T h e re  m ay be s trong incentives  for com m encing  im m u n iza t io n  early  in 
d ev e lo p m en t  both to  a f f o r d  protection a s  soon as possible a n d  for m otives  
o f  e co n o m y  and co n v en ien ce .  The e a r l i e s t  age a  fish c a n  be e f fec t iv e ly  
v a c c in a te d  will d iffer  b e tw e e n  species a n d  between v acc in es .  The im m une 
re sp o n se  in different s i z e  groups was a sse ssed  in the p r e s e n t  study.
Fishes are  f re q u e n t ly  exposed environmentally  to  a  wide v a r ie ty  
o f  po llu tan ts  as well a s  potentia l to x ic  agents  and th e y  a re  capable o f  
a cc u m u la t in g  high le v e ls  o f  many c h e m ic a l  toxicants (Brungs £ t  1977). 
Jt i s  known tha t  the  im m u n e  system o f  f ish is a f fec ted  by various environ­
m e n ta l  factors. The po l lu tan ts  include h eav y  metals, p e s t ic id e s ,  oil, sew age ,  
h e a t  e t c .  Among h e a v y  metals c o p p e r  is a  major p o l lu ta n t  in n a tu ra l  
w a te r s .  Although th e  l i te ra tu re  on e f f e c t s  of heavy  m e ta l s  upon fish 
is e x te n s iv e  (Eisler, 1973; Eisler and W apner ,  1975), l i t t l e  o f  this re sea rc h  
s o u g h t  information on e f f e c t s  upon fish im m une system. T he  heavy m e ta l s  
on w hich any such in fo rm ation  is a v a i la b le  include cad m iu m , chromium, 
cop p er ,  iron, lead, m e rc u ry  and zinc. T h e  e f f e c t  of c o p p e r  on the antibody 
p ro d u c t io n  in Etroplus sura tens is  was e v a lu a te d  in the p r e s e n t  study..
Copper is one heavy  metal a p p a re n t ly  capable o f  increasing fish 
b a c t e r i a l  disease inc idence ,  but w h e th e r  or not th is  a c t io n  is through 
d i r e c t  in terference w i th  fish immune sy s te m  remains t o  t>e dem onstra ted  
(Z ee m an  and Brindley, 1981).
The immune response  of many animals  to  b a c t e r i a l  antigen has  
r e c e iv e d  much a t te n t io n  since Koch (c i te d  by Post, 1966) proved c e r t a in  
d isea se s  a re  caused by specific m icroorganism s.  F ishes  a r e  a f fec ted  by 
a  v a r i e ty  of bac te r ia l  diseases. T he  w alls  or cap su la r  polysaccharides 
o f  b a c t e r i a  contain w ell  defined im m unogenic  groups.
Aeromonas h y d ro p h ila  is a  G ram  negat ive  b a c t e r i a  frequently a sso ­
c i a t e d  with diseases in C arps ,  Eels, Milk fish, Channel c a t f i s h ,  Ayu, T ilapia
and E trop lus  (Amin _et j iL ,  1985; M iyazak i and Jo, 1985). This includes 
A cu te  bac te r ia l  h a e m o rrh a g ic  s ep t icem ia ,  R ed  sore d is e a se  and secondary  
in fe c t io n  in furunculosis les ions  (Elliot a n d  Shotts ,  1980).
In Epizootic U lc e ra t iv e  Syndrome (EUS), s tudies  conducted  on th e  
a f f e c t e d  fishes in d i f f e r e n t  countries r e c o rd e d  a  v a r ied  bac te r ia l  f au n a  
but cons is ten tly  showed th e  p redom inance  o f  A erom onas hydrophila f ro m  
the  u lc e ra tP d  areas o f  f ish .  Infection w i th  A. hydropnila m a y  be the final in ­
sult to  f ish  alreajy a f f e c t e d  by parasites ,  in ju r ies  or o th e r  pathogens. A. 
hydroph ila  is considered a  major e c o n o m ic  problem, b u t  i t  is d i f f icu l t  
to d is t ingu ish  d irect lo sses  and those f rom  secondary infec tions  (Am in 
e t  a l . , 1985 op. c i t . ) .  hydrophila h a s  been iso la ted  f ro m  the u lc e rs  
E tro p lu s  suratensis w hich  is a f fe c te d  by  Epizootic U lc e r a t iv e  Syndrome.
T he  ability o f  ra inbow  trout,  S a lm o  gairdneri to  p roduce  an t ibody  
ag a in s t  _A j  hydrophila has  been  reported  by  Post. (1966 o p .  c i t . ) .  However, 
no su ch  re p o r t  on E trop lu s  suratensis is availab le  in l i t e r a tu r e .  Again, 
the s im p le  presence o f  antibody in th e  fish  may not a lw a y s  ensure p rc^  
t e c t i o n  aga ins t  m icrob ia l  infection. H e n c e  challenge cxpf’riments a r e  
n eed e d  to  be carr ied  o u t  to  a sce r ta in  th e  p ro te c t iv e  cap a c i ty  of th e  
m ic ro b ia l  antigen inocu la t ion .
T h e re  is an i n t im a te  in tegration  b e tw ee n  fish haem a to lo g ica l  a n d  
im m uno log ica l  systems. Macrophages, g r a n u l a r  leucocy tes  a n d  lym phocytes  
a re  im p o r ta n t  in im m une  responses o f  f ish  (Hawkins and H aw desley-Thom as,
1972; Anderson, 1974 op. c i t . ;  Corbel, 1975 op. cit and E llis  ^  1976).
Stud ies  on the ce l lu lar  bas is  for an i tybody  formation in  various  fish h ave  
been  l im i ted  (Smith ^  1967j C h il le r  ^  1969a, 1969b). S tudies 
on haem ato log ica l  c h a n g e s  in fish su b se q u e n t  to an t ig en ic  s timulation is 
s c a rc e .
Weinreb (1958) rep o r te d  th a t  exogenous  A dreno C or tico  Trophic 
H orm one (ACTH) in ra in b o w  trout p roduced  an  8056 r e d u c t io n  o f  circulat ing 
lym phocy tes  within 24 h rs .  following ad m in is tra t io n .  In c re a se  in  the numt>er 
o f  l e u c o y te s  was r e p o r te d  by Klontz (1972a) in rainbow t r o u t  which w as  
in o c u la ted  subcutaneously w ith  bac te r ia l  o r  viral an t igen .
T he  Importance o f  haematology in  th e  diagnosis o f  fish d iseases 
has b e e n  widely a c c e p te d  (Schumacher £ t  1956). Lym phocytes a r e  
be l ieved  to  be the e x e c u t iv e  cells o f  th e  specific im m u n e  mechanisms. 
L ym phocytes  of severa l  f ish species (P la ic e ,  Skate, C a rp  a n d  Trout) h ave  
been shown to ca rry  immunoglobulin in  t h e i r  surface m em branes  (Ellis, 
1977a.). The re jec t ion  o f  transplanted t i s su es  in fish is  assoc ia ted  w ith  
the  g r a f t  being surrounded and in f i l te red  by cells possessing  the morpho­
logy o f  sm al l  ly m p h o cy te s '  (Hogarth, 1973). Chiller  e t  a l . , ( 1969 a op. c i t . )  
r e p o r te d  th a t  majority o f  ro s e t t e  forming c e l ls  have m orphologica l s im ilari ty  
to  lym phocytes  ind ica t ing  the  production o f  antibodies by these cel ls .
Monocytes a re  r e g a rd e d  as p a r t ia l ly  d if fe ren t ia ted  e n d  ce lls  (G ottl ieb  
and Waldman, 1972). T h e y  have the c a p a c i t y  to  produce enzym e sys tem s  
and c o n ta in  small a m o u n t s  of oxidases, peroxidases, ali<aline and ac id  
ph o sp h a ta ses  (Tompking, 1955). Ellis (1976) suggested t h e  presence o f  
r e c e p to r s  fo r  an t ibody -an t igen  complexes on  the  su r face  o f  a  small [»or- 
c e n t a g e  o f  monocytes.
Neutrophils a re  t h e  m ost im por tan t  o f  the leucocy tes  a s  they show 
the g r e a t e s t  sensitivity t o  change in the  env ironm ent (Mahajan and Dheer, 
1979b). Neutrophils o f  f ish  infiltrate in ju red  tissues e a r ly  in an infla- 
m fna to ry  response (Thorpe a n d  Rot>eris, 1972; Joy  and Jo n es ,  Rot>eris
e t  a l . , 1973). Thrope a n d  Roberts (1972 op. cit.) r e p o r te d  the  migration 
of m o n o c y te s  and n eu troph i ls  from blood vessels  into t h e  a f fe c te d  tissue 
o f  brow n tro u t  which w as in fec ted  by A ero m o n as  bac te r ia .  T he  phenoniona 
of neu troph il ia  has been  rep o r te d  in s e v e ra l  fish species by  many workers 
(Finn a n d  NeilJron, 1977; H ines  and Spira, 1973).
Macrophages a re  im p o r ta n t  in the c e l lu la r  immune response .  Antigen 
con ta in ing  macrophages a r e  commonly found  in the antibody-producing  
organs  o f  fish (Klontz, 1972 a  op. cit). Ellis, 1974 re p o r te d  th a t  macro­
phages a r e  capable of ta k in g  up soluble p ro te in  antigens l ike  Bovine Serum 
Albumin (BSA) part icu larly  in  the pronephros. He also r e p o r t e d  the presence 
o f  s u r f a c e  antibody on th e  cell m em brances  o f  about 10% o f  the macro­
phages in. the spleen a n d  kidney of  P la ice ,  P ieuronectes p ia te s s a . Since 
various blood cells a r e  involved in the im m u n e  response, an  investigation 
into th e i r  d ifferentia tion  and  c h a ra c te r iz a t io n  is needed to  be carr ied  
out.
B r ie f  Definitions
A d juvan t:  Any su b s ta n c e  wfiich when administered witri (or before) an 
antigen he igh tens ,  or a f f e c t s  qualita tively, t h e  immune response  
to th a t  a n t ig en .
A g a r o s e : A com ponen t  o f  agar
A n t i g e n : Any a g e n t  which in i t i a te s  antibody fo rm a t io n  and/or induce 
a s ta le  o f  a c t iv e  im m unological hypersensit iv ity .
A n t ib o d y :  A g lycopro te in  molecule p ro d u ced  in the  body  in direct response  
to the in t roduc t ion  of an a n t ig e n .
A p rocedure  in which an t i tw d ies  and a n t ig e n s  diffuse Inde­
pendently through a  gel m edium  forming a  p rec ip ita te  w ith in  
the gel w here  homologous antigens and antibodies  m e e t  in 
optimal proportions.
T i t r e :  A m easu re  o f  the co n c e n t ra t io n  of a n t ib o d ie s  (or an t igen)  
in a g iven  sample. It is t h e  highest, d i lu t ion  of the s am p le  
which g iv e s  a  positive se ro lo g ic a l  reac t io n ,  (eg. agglutination, 
p rec ip ita tion) with an t igen  (or antibody) u n d e r  the cond itions  
of the t i t r a t io n .
G e l
d iffusion:
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METHODS
MATERIAL AND METHODS
Experim ental animaJs
T he  Pearl spot E tro p lu s  suratensis  w a s  collected by c a s t  net from 
brack ish  w a te r  ponds o f  M atsyafed, N arakka l .  In order t o  minimise popu­
la tion  d ifferences ,  fishes w ere  collected f ro m  same ponds throughout the  
study . The salinity, t e m p e r a tu r e  and pH o f  the w ate r  a t  t h e  collection 
s i te  w e re  determined a n d  w a te r  of the  s a m e  quality was u sed  for keeping 
the exper im en ta l  an im als  initially in l a b o ra to ry  to m in im ise  the s tress .
A cclim ation
T he  animals w ere  d is in fec ted  by im m ers in g  them in 0.5 ppm KMnO^ 
solu tion  fo r  5 minutes on a r r iv a l  a t  la b o ra to ry .  Acclim ation  o f  the animals 
to  th e  laboratory  cond it ion  was done by maintaining th e m  in fibre glass 
tanks  o f  1 ton capac i ty  containing w a te r  with s a l in i ty  6 ± 1%o» P^I 
6.2 ± 0.5 and te m p e ra tu re  22 ± 2®C. T h e  animals w ere  fed  two t im es 
a  day  w ith  dry pellet ised fe e d  and w et f e e d  (clam m eat) .  T he  pelletised 
feed w as  prepared using F ish  meal (25%), Soya Bean m eal  (25%), Tapioca 
powder (25%), Ground n u t  oil cake (20%), G ela tin  (2%), Soya oil (1.5%), 
Mineral p rem ix  (1%) a n d  Vitamin premix (0.5%). The f a e c a l  m a tte r  and 
o th e r  w a s te  materials w e re  daily s iphoned o ff ,  and to  r e d u c e  ammonia 
c o n te n t  in water, the b io logica l f i l ter  w a s  s e t  up. T h e  w a te r  in the 
tank  w a s  changed in e v e r y  second day .  Electrically  o p e r a t e d  aera to rs  
were u sed  for  aera tion  continuously. T he  anim als were a cc l im a tize d  fo r
2 w eeks  p r io r  to the e x p e r im en ts .
Test  con ta iners
Fibreglass tanks o f  100 litre c a p a c i ty  were used a s  t e s t  containers. 
Each tank  was covered w iin  velon s c r e e n  ne t t ing  to p r e v e n t  trie jumping 
out o f  trie animals.
Antigens
Soluble protein a n t ig e n s  such as ovalbum in  and Bovine Serum Albumin 
(BSA) and  bacterial a n t ig e n  Aeromonas hydrophila EMU 20 were used 
as  a n t ig e n s  in the p re se n t  study.
A. B a c te r ia l  antigen
B acteria l  cu l tu re  o f  Aeromonas hydrophila EMU 20 was obtained 
from  th e  Microbiology Laboratory  o f  S choo l of E nv ironm en ta l  Studies, 
Coch in  University o f  Sc ience  and Technology .  The b a c t e r i a  was cultured 
by low n culture m ethod on plates of Z o b e i l 's  agar (P e p to n e  0.5%, Y east 
e x t r a c t  0.1%, Ferric phospha te  0.01%, D e a f  ex trac t  0 .5%, A gar 2% and 
S e a w a te r  1 ml with pH 7.5).
A f te r  18 hrs. o f  incubation, the  c u l tu r e  was h a rv e s te d  into s te r i le
0.85% NaCl solution in double distilled w a te r .  The ce l ls  w ere  killed by 
adding 0.5 ml of 1% form alin  to  the  c u l tu r e  and m a in ta in ing  a t  
for  12 hrs. The cells  w e re  centrifuged a n d  washed r e p e a te d l y  in saline.
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The c e l l  suspension was ad justed  to c o n ta in  approxim ately  1 x 10 ce lls  
in 0.2 ml.
B. Soluble protein an t ig e n s
Ovalbumin and Bovine Serum A lbumin (BSA) w e re  prepared by 
dissolving 0.5 g ovalbum in  flakes (L oba-C hem ie  Indo A u s t ra n a l  Co.) and  
BSA p ow der  (SISCO, India) in 100 ml o f  physiological sa l in e  (0.85% NaCl). 
It was f i l te red  througn VVnatman No. 1 f i l t e r  paper.
A d ju v an t '
The antigens w e re  inoculated a f t e r  homogenizing w ith  the adjuvant. 
The adjuvan t was p r e p a re d  by hom ogenizing  1% T w e e n  80 (Hi-media) 
in p a ra f f in  o i l  (s.d. F ine  -  Chem. Ltd.) phase  a t  30:70 r a t i o  (Ward e;^ a l . , 
1985).
Anesthe.tization
Fish was a n e s th e t iz e d  in 0.4 ml phenoxyethanol p e r  l i t r e  of w a te r  
or by a  mild eletric shock .
Inoculation
The antigens w ere  adm inistered through e i ther  in tram uscu lar  o r  
in t rap e r i io n ea l  or oral ro u te s .
a. In tram uscular  Inoculation
The anesthetized  f ish  was gently, y e t  firmly held in  tn e  left hand, 
fac ing  aw ay  from the  hand ler .  The inocu la t ion  needle  w a s  inserted a t  
a s i t e  la te ra l  and m iddle to  the dorsal f in .  The needle w as  pointed down 
into th e  so f t  m uscu la tu re  and slowly deposited  the a n t ig e n  (Fig. I A).
Fig . I .  Routes o f  A n tigen  administration
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Then th e  need le  was slowly removed to  av o id  tearing o f  t h e  t issues and 
leakage o f  the  inoculum f ro m  the s i te  o f  depos it .  T h e - s i t e  was gently 
massaged w ith  cotton so ak ed  in rectif ied s p i r i t  to  prevent t h e  infection 
a t  the s i t e  o f  inoculation.
b. In t rap e r i to n e a l  inoculation
T he  inoculation need le  w as inserted a t  a  s i te  la terally a n d  im m ediat­
ely  a n te r io r  to  the anus (Fig. TB). C are  w as  taken not to  pene tra te  
the in te rn a l  organs in the a r e a .
c. Oral inoculation
O ra l  administration o f  the  antigen w as  carried out following the 
method a d o p te d  by Mughal a n d  Manning (1985). In this m e thod  th e  mouth 
o f  the f ish  was opened and  th e  needle was in troduced  th rough  th e  mouth 
opening a n d  passed back in to  the  buccal c a v i ty  towards th e  opening of 
the oesophagus where the  an t ig en  was d e l iv e re d  cautiously. In order 
to avoid any  injury from th e  pointed end o f  th e  needle, a  p la s t ic  sphere 
of 2 mm d ia m e te r  having a  c e n t ra l  hole w as  inserted  a t  th e  t ip  of the 
needle a s  shown in Fig. IC . The fish was he ld  vertically in w a te r  for
3 m inutes  a n d  released.
Blood co llec tio n
Blood collection w as done  aseptically  from  a n es th e t ized  fish by 
hear t  p u n c tu re  using s te r i le  hypodermic 2.5 ml syringe. T h e  (X>int of 
insertion o f  the  needle in E trop lus  is l a te r a l ,  midway b e tw e e n  th e  base
P la te  I. Photograph showing a part o f  the exp erim en ta l set u p -
P la te  II. Collection o f  blood from anesthetized  f ish  by h eart  
puncture.
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o f  p e c t o r a l  and pelvic f in  a t  an ar^le o f  a b o u t  40® witJ) th e  body su rface  
o f  th e  f ish  (Plate II). A s l igh t  negative p ressu re  was k e p t  on the plunger 
to  f a c i l i t a t e  ready flow o f  blood into th e  syringe as soon  a s  trie lumen 
o f  the  h e a r t  is en tered .  T he  needle was th e n  held a t  t h a t  position until  
the  d e s i r e d  amount of b lood was drawn. C a re  was ta k en  n o t  to dam age 
the i n t e r n a l  organs in t h a t  area. Tne advantages  o f  h e a r t  puncture a r e  
th a t  t h e  collec t ion  of b lood  is without s a c r i f ic in g  the an im a l  and  sequential 
blood c o l le c t io n  is also possible .
T h e  blood sam ples  fro m  a f f e r e n t  f i sh e s  were k e p t  separa te ly  in 
sm all ,  s t e r i l e  glass b o t t l e s  and  allowed to  c lo t / a n d  r e t r a c t  in room te m ­
p e r a t u r e  for  1 hour. T h e n  th e  blood sam p les  were kept in s t e r i l e  conditions 
for 24 hours  ui 4°C. T h e  serum  was s e p a r a t e d  asceptica lly  a n d  centrifuged 
a t  4000 r.p .m . for 10 minutes.  The superna ten t  s e ru m  was co l lec ted  
and h e a t e d  for 15 m in u te s  a t  45'’C, in a  w ate r  bath. T hen  the serum  
was u sed  fo r  antibody d e t e c t i o n  tests.
A ntibody  detec tion
Antibody was d e t e c t e d  and q u an t i f ie d  by p rec ip i ta t io n  and agg lu ti ­
nation  t e s t s  (Davis £ t  a h ,  1968).
A. P re c ip i ta t io n  te s t
When an an t igen  is added to  t h e  antiserum, t h e  complexes th a t  
form b e c o m e  insoluble a n d  precip ita te  f ro m  solution. F ro m  the time o f  
its d isco v e ry  in 1847, th e  precipitin r e a c t io n  was u sed  extensively as
a q u a l i ia i iv e  or s e m iq u a n t i ta t iv e  assay fo r  estimating an t ibody  l i tres  
in se ra .  Precip ita tion  r e a c t io n  can be c a r r i e d  out in l iqu id  media as 
well as  in  gel .
a) P re c ip i t in  reaction in liqu id  media
T n e  antiserum  from e a c h  fish was t a k e n  in clean s t e r i l e  te s t  lubes. 
The se ru m  was diluted to  d i f fe re n t  d ilu t ions  o f  0, 10, 20, 50, 80, 100, 
120, 150, 180, 200, 250, 280, 300, 330, 350, 380, 400, 430, 450, 480, 
500, 530, 550, 580, 600 w ith  physiological sa l in e  (0.85* N aC l) .  To each 
te s t  tu b e  o f  antiserum 0.2 ml of an t igen  w as added th ro u g h  the sides 
of the t e s t  tube without shak ing  and k ep t  in room t e m p e r a t u r e  overnight 
and e x a m in e d  for p re ip i ta t io n  ring or a n y  cloudiness a t  t h e  junction of 
the tw o p h a s e s  (Davis e ^  1968 op. c i t . ;  Anderson, 1974 a n d  Cruichshank 
e ^ ^ . ,  1975).
b) P re c ip i t in  reaction in a g a ro s e  gel
When antibodies a n d  antigen are  in roduced  into d i f f e r e n t  regions 
o f  an a g a r o s e  gel, they d i f fu se  freely to w ard s  eac h  other. If th e i r  reaction 
can lead  to  precipitation r e a d i ly  visible opaque  bands of p r e c i p i t a t e  appear 
a t  the ju n c t io n  of their  d if fus ion  fronts. G el diffusion c a n  be conducted 
by the fo llowing methods.
i) Single Diffusion in One Dimension
T his  was carried o u t  a s  per the m e th o d  described by Oudin in 
France. 0.65% agarose w as  dissolved in p h o sp h a te  buffer pH 7.2 containing
0.1% so d iu m  azide. T h e  agarose was com ple te ly  d issolved a t  100°C in 
a w a t e r  ba th .  Tnen i t  w as  cooled to  50®C and mixed w itn  the  antiseruni 
(0.1 m l  antiseruiTi in 0 .5  m l agarose s o lu t io n )  in a  s t e r i l e  t e s t  tube und 
cooled  to  solidify. A n t ig e n  solution was l a y e re d  over trte solid if ied  agarose-  
The p r e p a ra t io n  was k e p i  a t  room t e m p e r a t u r e  o v e rn igh t  and  exam ined 
for t h e  deve lopm ent o f  p rec ip i ta t io n  band.
ii) D o u b le  Diffusion in O n e  Dimension
Tfiis was c a r r ied  o u t  as  per th e  methoc}  d esc r ib ed  by  Oakley a n d  
F u l th ro p e ,  1953. In th i s  method tne an t is e ru m  in a g a r o s e  is overlaid 
by a  c o lu m n  of 0.65% a g a r o s e  wnich in tu rn  is overlaid by  antigen, added  
e i th e r  a s  liquid or in c o rp o ra te d  into a g a r o s e  gel in a  c l e a n ,  sterile t e s t  
tube.
iii) D oub le  Diffusion in  Tw o Dimensions
T h is  was p e r fo rm e d  by the s im ple  a n d  elegant p r o c e d u re  developed 
m ainly  by Ouctiterlony in Sweden (O uch te r lony ,  1949). This was done 
using 0.6% agarose in 4% sa line  contain ing  0.1% soidum a z id e .  The agarose  
gel w as  poured into s m a l i ,  flat b o t to m e d  p e t r i  dishes o r  inicroslides to  
give a  p e r fe c t ly  even s u r f a c e .  When th i s  was cooled a n d  solidified, wells 
were c u t  in the ag a ro se .  The wells w e r e  sea led  with o n e  d ro p  of m e lted  
ag a ro se .  Then s e p a r a t e  wells were f i l le d  with a n t ig e n  and  an iiserm . 
The a g a r o s e  plates w e r e  covered and p la c e d  in a  d a m p  cool cham ber.  
Diffusion is  allowed to  o c c u r  a t  room t e m p e r a t u r e .  The p l a t e  was exam ined  
by m e a n s  o f  incident l ig h t  a f t e r  12-18 hou rs .
B. A gglutination  test
A ggluiination t e s t  was used for th e  detection  of an t ibod ies  against 
the b a c t e r i a l  antigen, A erom onas hydrophila .  Slide agg lu tina tion  t e s t  
was c a r r i e d  out on o rd in a ry  glass slide. A drop of saline  (0.15 M NaCl) 
was p la c e d  on the s lide and  a small a m o u n t  of b a c te r ia l  culture from 
a  solid  m edium  emulsified in it by m eans o f  an inoculating loop. It was 
then  e x a m in e d  under t h e  microscope t o  ascer ta in  t h a t  th e  suspension 
of  t h e  b a c t e r i a  was w e ll  separa ted  and n o t  in visible c lu m p s .  A drop 
of a n t i s e r u m  was placed on the slide ju s t  beside the b a c t e r i a l  suspension 
with t h e  help of a p la t inum  loop. They  w ere  mixed a n d  incubated for 
15-20 m in u te s .  This was m ade to a  s m e a r  and the b a c t e r i a  was s tained 
using G r a m 's  sufranine so lu t ion  (Merck) fo r  30 seconds a n d  washed with 
double d is t i l led  water. T he  preparation was examined under  th e  microscope. 
Serum w as  diluted to d i f f e r e n t  dilutions and  performed t h e  agglutination 
te s t  a n d  determ ined  the agg lu tina tion  t i t r e  values.
EXPERIMENTAL DESIGNS
H um oral Immune Response
Pre lim inary  tr ia ls  w ere  carried o u t  to ascer ta in  th e  ability of 
E troplus sura tens is  to re sp o n d  immunologically to soluble p ro te in  antigens 
such a s  ovalbumin and Bovine Serum A lbum in (BSA) as w ell  as  bacteria l  
an t igen  v iz . ,  Aeromonas hydrophila . These t r i a l s  indicated hu m o ra l  immune 
response to  al l  these a n t ig e n s .  However, considering th ick e r  precipitation 
band fo rm a t io n  with ova lbum in ,  it was s e l e c t e d  as the a n t ig e n  of choice 
for d e t a i l e d  investigations on d iffe ren tia l  response to  v a r io u s  doses o f
an t ig en  a n d  d iffe ren t  r o u te s  o f  antigen adm in is tra t ion  as w e l l  a s  the e f fe c t  
of fish body  size on im m unolog ica l  response.
The l<inetics o f  p r im ary  response and  secondary response were 
also in v e s t ig a te d  using ovalbum in .  An e x p e r im e n t  to d e te rm in e  the immuno­
supp ress ive  e f fec t  of t h e  heavy metal c o p p e r  (Cu) was a lso  carried o u t  
as  a  p a r t  o f  this study using ovalbumin. T he  magnitude o f  primary and  
seco n d a ry  immune response  to  ovalbumin, Bovine Serum  Albumin (BSA) 
and A e ro m o n a s  hydrophila inoulation in E tro p lu s  sura tensis  w as  also com ­
pared.
Experim ental f ishes  in the weight g roup  of 80 -  150 g were used 
in a l l  t h e s e  studies e x c e p t  the  one to d e te rm in e  the e f f e c t  of fish s ize  
on im m u n e  response in, w hich case an im als  weigtiing 5 g and  above w ere  
also inc luded .  Tfie d e ta i l s  of the var ious  investigations a r e  presented 
he reu n d e r .
EXPERIMENTS USING OVALBUMIN
1. D ose  determination
A t r ia l  was c a r r i e d  out to c o m p a re  tfie p r im ary  and  secondary 
im m une response to d i f f e r e n t  levels o f  ovalbum in  inoculation and  to d e te r ­
mine t h e  suitable dose fo r  fu rther  s tud ies .  Ovalbumin d o ses  in geom etr ic  
scale su c h  as  12.5, 25 a n d  50 ug/g body weight were t e s t e d .  For th is  
study 40 fishes in the 80 -  130 g size g ro u p  were divided in to  four groups 
a t  ran d o m . Tne firs t g roup  served as t h e  con tro l while t h e  second, th ird
and fo u r th  group rece ived  ovalbumin in o c u la t io n  a t the r a t e  o f  12.5, 25 
and 50 ^ug /g  body w eigh t  respect ive ly .  C o n tro l  group w a s  inaintained 
without a n t ig e n  aOministration.
Blood was co l lec ted  on  9th day a n d  serum  from e a c h  fish tested  
for p r e c ip i t a t io n  t i t re  va lues  individually. T h e  animals  w ere  g iv e n  a  booster 
inoculation on 10th day a t  th e  sam e dose a s  t h a t  of the p r im a r y  inoculation 
but w i th o u t  adjuvant. T he  an im a ls  were b le d  five days a f t e r  th e  admini­
s tra t ion  o f  booster  dose a n d  antibody t i t r e  in  t h e  sera was a g a i n  de term ined .
2. Com parison of the rou tes  o f  antigen adm inistration
A ntibody  production c a n  vary with t h e  ro u te  of a n t ig e n  ad m in is tra t io a  
Hence a  s tu d y  was c a r r ied  o u t  to com pare  th e  immune r e s p o n s e  to oval­
bumin inocu la t ion  through tw o  d ifferen t r o u t e s  viz., in t ra m u s c u la r  and 
in t ra p e r i to n e a l  routes. O valbum in  a t  th e  r a t e  of 25 ^ug /g  body weight 
was a d m in is te re d  in t ram uscu la r ly  in one g ro u p  of 12 f ishes  while another 
group o f  12 fishes received th e  same dose in t rape r i tonea l ly .  T he  control 
group w as  maintained w i th o u t  antigen ad m in is t ra t io n .  B o o s te r  dose was 
adm in is te red  to  both groups on 10th day.
Blood samples w ere  c o l le c te d  from f i r s t  day  onwards t i l l  th e  antibody 
was d e t e c t e d  in the s e r a .  Again blood sa m p le s  were c o l l e c t e d  on 9th 
and 15th  day . Antibody precip ita t ion  t i t r e  values w ere  de te rm ined  to 
evaluate  th e  primary a n d  secondary  im m u n e  response us ing  sera from 
9th and 15th  day blood s a m p le s  respectively.
3. S tu d y  o f  immune re s p o n s e  in  d if fe ren t  s i z e  groups
It is jjnporiani to  know a t  what a g e  the  fish im m u n e  system be ­
comes r e a c t iv e  to a  fo re ig n  material.  So hamoral im m u n e  response in 
d i f f e r e n t  s ize  groups w e re  evaluated. T h e  s ize  groups s e le c te d  for th e  
study w e r e  given below.
Group M ean leng th  with 
S.D. in cm.
Mean w e ig h t  with S.D. 
in  gms.
I 6.4 ± 0.9 5.074 i  5.5
II 8.6 ± 1.2 15.133 t  5.4
III 11.2 t  1.4 32.49 ± 6.9
IV 16.2 ± 1.7 100.21 ±20.5
Ovalbumin was ad m in is te red  in t ram usu la r ly  a t  the  r a l e  o f  25 ^ug/g  
body w e ig h t .  Blood s a m p le s  were c o l le c te d  on 9th day f ro m  a l l  the groups 
and a g a in  on 15th day which was a f t e r  the  booster d o se  on lOtn day. 
The setH w ere  tested fo r  precip ita tion  t i t r e  values.
4. K inetics o f  antibody pro<iugtlon
C oncurrently  w ith  th e  earlier d e s c r ib e d  trials a  g ro u p  of 12 fish 
were inocu la ted  with ovalbum in  in t ram uscu la r ly  a t  the  r a t e  o f  25 yUg/g 
body w e igh t .  Pooled b lood samples w e re  collected  from  3 fishes daily  
from f i r s t  day onwards t i l l  the 19th day .  The sera f ro m  th e  daily blood 
sam ples  w ere  tested  f o r  the  presence o f  antibody to d e t e r m in e  the d ay  
of a n t ib o d y  appearance.  Once the an t ib o d y  was d e t e c t e d ,  the sam ples  
were d i lu ted  serially a n d  percipita tion l i t r e  value d e te rm in e d  to m onitor
the da i ly  c h a n g e  in antitxxly t i t r e  on a c c o u n t  o f  primary response .
Blood from a se c o n d  group which had received a  booster  dose 
also o f  25 ^ug/g  body w e ig h t  on 10th d ay  was collected on  12th, 15tn, 
24th a n d  126th day to  m o n i to r  the seco n d a ry  response th ro u g h  antibody 
p re c ip i ta t io n  t i t r e  values.
5,. Im m u n o to ic ity  o f heavy  m etal Copper (Cu)
T o  s tudy  the im m unotox ic  e f fec t  o f  sho r t  term e x p o su re  of fisn 
to heavy  m e ta l  copper an  experim ent was ca rr ied  out us ing  tw o groups 
o f  f ishes.  T he  group (i) v/as used as con tro l .  The group (ii) w as exposed 
to  the  h e a v y  metal Cu a t  5 ppm level in  w a te r  for 3 h o u rs  and then 
t r a n s f e r r e d  to  water f r e e  o f  copper. T h e  to t a l  hardness o f  the  water 
was 838 m g CaCo^/l a n d  was de term ined  by the s ta n d a rd  method of 
APHA, 1955.
A f t e r  two days, ovalbum in  was a d m in is te re d  in t ram usu la rJy  to both 
groups o f  f ish a t  the r a t e  o f  25 ^ug/g body weight. B o o s te r  dose was 
given on 10th  day.
Blood samples w e re  co l lec ted  from  lx>th groups o f  f ish on 4th, 
5th, 7 th  a n d  9th days to  d e te rm ine  p r im a ry  response. A ga in  blood was 
co l lec ted  on  15th and 3 1 s t  days  to assess  secondary re sponse .  All the 
sera  w e re  t e s t e d  by p re c ip i ta t io n  tes t  and d e te rm in e d  the t i t r e  values.
P l a t e  III. D i f f e r e n t  size groups o f  animals (I, II, Ilf <3c IV) used  
10 c o m p a r e  immuno^iogical response.

EXPERIMENT USING AEROMQNAS HYOROPHILA EMU 20
Form alin  killed Aeromonas hydrophila EMU 20 cells w e re  admini­
s tered ittrough in tramuscular,  in t rap e r i to n ea l  a n d  o ra l  routes u i  tJie dose 
g
of 1 X 10 c e l l s .  A group o f  con tro l  fish a lso  was m a in ta ined .  Biooa 
samples w ere  co l lec ted  on 12th  day  a f te r  t h e  primary dose. Booster 
dose was g iv e n  on 19th day a n d  blood was c o l l e c t e d  again on 24 tn  day 
from all  th e  groups. Sera w e re  tested  for  an t ibod ies  by agg lu tina tion  
and p rec ip i ta t io n  te s t s  and d e t e rm in e d  the l i t r e  values.
All t h e  above  groups o f  f ish  (immunized and  non-im munized) were 
challenged w i t h  live A erom onas hydrophila in t rape r i tonea l ly  a t  a  dose 
o f  1 X 10^ c e l ls .
Cellular response to  soluble p rotein  inoculation
A tte m p ts  were made to  s tudy  the c e l lu l a r  changes in  response 
to the in o c u la t io n  o f  soluble p ro te in  an t igen .  For  this p u rp o se  blood 
samples w ere  co l lec ted  from th e  fish in o c u la ted  with ovalbum in  a t  the 
ra te  of 25 body weight a s  well as the  co n t ro l  group b o th  before
the inoculation and  15 days a f t e r  t h e  inoculation. Booster  dose w a s  administered 
on 10th day o f  primary dose adm in is tra t ion .  V arious  h aem ato log ica l  para­
meters  were s tu d ie d  using s ta n d a rd  tecnniques.
1. Blood c e l l  counts
Improved Neubauer ru l in g  h a e m o c y to m e te r  was used fo r  blood 
Cell count.
A. E ry P iro c y ie  couni
Tne p ip e t te  with red  g la ss  bead was used for cfiargiiig th e  counting 
chamber. T ne  RBC p ip e t te  ^ ives  a ailution o f  1:200 when b lood is arawn 
10 the 0.5 m ark  and d i lu ted  upio  10 mi m a rk .  Hayem's soluiion with 
the com posi t ion  of Mercuric chloride 0.5 g. Sodium sulphate 5 g. Sodium 
chloride l g  and doable d is t i l l e d  water 100 rnl was used a s  m e  oiluont. 
All cou ru iag  w ere  Jone in t r ip l ic a te s .
Calcula tion
Tne nuniDor of red ceU s  p e r  cu.nim. o f  blood
N u m b er  of smaller sq u a re s  counted ^
No. o f  red cells c o u n te d  x dilution
Wnen dilution is 200 t im e s  tne form ula is
No. o f  red cells c o u n te d  x 200 x 4UU 
80
13. L e u c o c y te  count
T he  p ip e t te  witti w h i le  glass  bead was used for ciiarging th e  counting 
chamber.  T ne  VVIiC p ip e t te  g ives  a dilution o f  1:20 when b lood is drawn 
to 0.5 m a rk  and diluted iipto 11 mark. T ne  dilu ting fluid used  was Turk's 
solution w nich  is 8% a c e t i c  ac id  solution c o lo u red  by 1 ml. o f  ijension - 
Violet s t a i n  and made upto 100 ml. witn doub le  distilled w a te r .  Counting 
was done under  high pow er o f  microscope w ith  light a d ju s te d  to ihe 
minimum.
Calcula tion
T h e  number of w hile  ce l ls  per cu .m m . o f  blood 
.S'umber of wJ'.ite b lood cells coun ted  x 70 x 20
2. Typing o f  leucocytcs
An a t te m p t  was m a d e  to  identify t h e  d ifferen t ty p e s  o f  leucocytes 
o f  E trop lus  suratensis on t h e  basis of m orphology  and s ta in ing  oharac te r is t tcs .  
S tained blood smears on m icros l idc  were p r e p a re d  for this pu rpose .
P re p a ra t io n  o f  biood sm e a rs
S m e a rs  of trtc c i r c u la t in g  blooa sa m p le  obtained by c a r d i a c  puncturo 
wore p re p a re d  (after m a k in g  sure all co l ls  have been resuspendcdj by 
p lacing  a  drop of tne s a m p le  on otie e d g e  o f  a clean a n d  sterile  slide 
and d is tr ib u t in g  it the lengiti  of the s l ide  by another s l id e  held a t  45® 
to  the  f i r s t .  The s m e a r  was allowed to  a i r  dry, im m e rse d  in absolute 
m e th a n o l  for  5 minutes fo r  fixation and  agu in  air dried  b e fo re  staining'.
S ta in ing
D if fe ren t  Romanowsky stains w ere  t r ie d  i.e., W e ig h t ' s .  Leishmun's 
and O ie m sa 's .  Of th e se  G iem sa 's  s ta in  (Merck) was found  to  give the  
b es t  r e su l t s .  Blood s m e a r s  were s ta in ed  with Uie;ns« (1 mj. iJjemsa ;
9 ml. d is t i l led  water) for  a b o u t  18 m inutes .  The slides w e re  gently  washed 
in d is t i l led  water with pH adjusted to  6.5 and dried. T he  slides were 
ex am in ed  under ligiu m ic roscope  and d i f f e r e n t  leucocytes w e re  identified.
3. Morphological and morpbometric stud ies o f  RBC
Morphometric m e a su re m e n ts  of red  c e l l s  were made w ith  an occuU r 
m ic r o m e te r  standardized w ith  stage m ic r o m e te r  as p a ra l le l  magnification. 
The d i a m e t e r  of the ce l l  o r  nucleus was c a lcu la ted  by add ing  the mt-'an
length and w id th  and then d iv id ing  the to ta l  by  two. The va lues  represented 
the mean fo r  a  to tal for s e v e n ty  cells. T h e  nucleus to  c e l l  d iameter 
ratio  (n-c ra t io )  was c a lc u la te d  by dividing th e  whole ce l l  d ia m e te r  by 
tha t  o f  th e  d ia m e te r  of th e  n u c leu s  (Mahajan a n d  Dheer 1979a).
C o lo u red  photom icrographs were m ade  in NIKON O PT IPH O T No.1 
{Japan) M icroscope  using 35 m m  100 X G K on ica  colour nega t ive .
Statistical A nalysis
All a n t ib o d y  t i t re  v a lu es  were c o n v e r te d  into log 2 values and 
these va lues  only were used  fo r  the e s t im a t io n  of mean t i t r e  values, 
standard d e v ia t io n  (S.D.) a s  w ell  as for a l l  o th e r  s t a t i s t i c a l  analysis. 
One way A nova  {F test) fo llow ed  by c ri t ica l  d i f f e re n c e  analysis  w as carried 
out to  a s s e s s  the  s ignif icance o f  d if fe rence  in antitxtdy production  in 
response to  d i f fe re n t  doses o f  antigen. S tu d e n t ' s  ' t '  t e s t  w as  carried 
out to a s c e r t a i n  the s ig n if ican ce  of d i f f e r e n c e  in antit>ody production 
resulted f ro m  d ifferent ro u te s  o f  antigen adm in is tra t ion .  T he  significance 
of d i f fe re n ce  in the an tibody production in response to  ovalbum in  and 
Bovine Serum  Albumin in th e  s a m e  dose and r o u te  of ad m in is t ra t io n  was 
also ev a lu a te d  by Student's ' t '  l e s t .  Chi-square t e s t  was app l ied  to  evaluate 
the d a ta  on t h e  effec tiveness  o f  immunization in  p ro tecting  th e  f ish  against 
Aeromonas hydrophila  infection.
AND
RESULTS AND DISCUSSION
The humoral immune response e lic ited  in Etroplus suraten sis  moni­
tored by precip itation  te s t  an d /or  agglutination test as w e ll as the 
associated  ce llu lar  response observed in tn e  different exp erim en ts are 
presented b elow .
H um oral Immune R esp on se
Preliminary tria ls
Prelim inary trials w ith  ovalbumin, B ovin e Serum Album in (BSA) 
and A erom onas hydrophila resu lted  in the production of antibodies. Presence 
of th ese  antibodies in b lood serum was dem onstrated by precipitation  
and agglu tin ation  tests. Thus th e  preliminary tr ia ls  indicated th at Etroplus 
suratensis is  capable o f m ounting imm unological response to th e s e  antigens. 
However, ovalbum in produced th icker preciptiation  bands in th e  precipitation  
reaction in liquid media suggestin g  its s tro n g  immunogenic capacity in 
Etroplus suratensis.
P recip ita tion  was ob served  in  liquid m e d ia  (Plate IV )  as  well as 
in agarose g e l  by single d iffu sion  in one dim ension and double diffusion 
in one dim ension  (Plate V). Double d iffusion  in two dim ensions did not 
result in co n s is ten t precip itation  lines.
EXPERIMENTS USING OVALBUMIN
1. Immune R esponse to  d if fe r e n t  doses
The prim ary immune resp on se  on 9th d ay  and secondary response on
P la t e  IV. P h o to g rap h  depicting t h e  p rec ip ita t ion  r e a c t io n  in liquid 
m edium . The c e n t r i fu g in g  tube A c o n ta in s  serum from  
the t r e a t e d  fish. T u b e  B contains s e r u m  from con tro l  
an im als .  Both the  tubes  were f in a l ly  layered w ith  
a s o lu t io n  of ovalbum in . The p re p a ra t io n s  were c e n t r i ­
fuged and  prec ip ita te  h ad  se t t led  to  t h e  bo ttom .
P l a t e  V. P ho tog raph  snowing t>recipitation by doub le  diffusion 
in o n e  dimension in a g a ro s e  gel c o lu m n .  The arrow  
iiiark p o in ts  to the p re c ip i ta t io n  band in  th e  gel colu.-nn.

15th day in t h r e e  groups o f  exp e r im en ia l  f isnes  th a t  receivea in tram uscu lar  
inoculation o f  ovalDumin a t  t h e  r a t e  of 12.5, 25 and 50 ^ug/g body weight 
on firs t d ay  (with adjuvant) and  again on 10th day (w ithou t  adjuvant) 
were d e te rm in e d  along with th e  control group  whicfi did no t  rece ive  any 
antigen. T n e  responses in d i f fe re n t  groups measured as precip ita tion  
t i ire  v>jtues using serially d i lu te d  Plood se rum  collected  on y in  and 15tn 
day were c o n v e r te d  to log-2 va lues  for b e t t e r  comparison. While all the 
fishes th a t  rece ived  ovalbum in  inoculation produced p re c ip i ta t io n  band 
boin on 9 th  and  15tn day, tn e  same could n o t  be d e te c te d  in control 
group. C om par ison  of the  tnagnitude of re sp o n se  are p r e s e n te d  below.
Primary R esp o n se
The m ean  precip ita tion  l i t r e  values a re  p r e s e n te d  in Table 1 and  Fig.II. 
It can be s e e n  from the ab o v e  table tha t  t h e  highest p r im a ry  response 
was from th e  inoculation o f  25 ^ug ovalbum in/g  body weight.  Tne mean 
precipita tion l i t r e  in this grou[) was 8.U58 ± 0 .22 compared to  7 . 6 Id ± U.28 
and 6.388 ± U.59 tnai rece iv ed  the  lower dose  (12.5 ^ug) and  h igher  dose 
(50 ^ug) re sp ec t iv e ly .
One way Anova (F te s t)  c a r r i e d  out to a s c e r t a in  the s ign if icance  of 
d ifference in th e  primary re s p o n s e  indicated a  highly s ignif icant d ifference 
(P <  U.01) a m o n g  tne p r im ary  response to d i f f e r e n t  doses o f  ovalbumin 
inoculation.
Tne c r i t i c a l  d ifference o f  th e  mean an t ib o d y  t i t re  values o f  primary 
responses w e re  estim ated  to  find  out means which differed s ignificantly  
froin one a n o th e r .
Tne c r i t i c a l  Qifferenoe e s t i m a t e s  ind ica ted  m a t  t/iough th e  mean l i t re  
value o o ta in e a  from tne dose  o f  25 ^ug/g body wt. was h ig h e r  llian m a t  
of 12.5 ^ug dose, tne d i f f e r e n c e  was not s ta t i s t i c a l ly  s ign if ican t .  However, 
the response  from botn 12.5 ^ug and 25 ^ug inoculations w ere  nigner 
tnan tn a i  o f  50 ^ug inocu la t ion  and this d i f f e r e n c e s  were h ighly  significant 
s ta t i s t i c a l ly  (P<O.OJ).
The w eak  immune response  with hign d o se  (50 ^ug/g t>ody wt.) inay 
be due to  th e  tolerance. In fish, phenomena suggestive o f  to le ra n c e  have 
been d e s c n U J d  Dy Lopez aL ,  (1974J; A v ta l ion  e t  (1981) op. cit.): 
Manning ^  (1982 op. c i t ) ;  Wishkovsky a n a  Avtalion (1982 op.cit.). 
They n ave  o b s e rv e d . immunosuppression o r  to le ran ce  with high doses of 
antigen. S e re ro  and A vta l ion  (1978) d e m o n s t r a te d  to lerance  in  C a rp  using 
high doses  o f  BSA. The p r e s e n t  study is in agreem ent w i th  tne above 
reports.
Secondary Response
As c a n  De seen from th e  Table 1, the  secondary  response  was higher 
tnan tne  p r im ary  response iPcZU.OI)  in all c a s e s .  Tne ;nean  precipitatio/) 
l i t re  va lues  were 8.506 ± U.15, 8.574 ± 0.16 and  8.814 ± 0.U9 (expressed 
in log 2) in ttie low, medium and hign doses respectively .
A m n e s t ic  response a f t e r  the  booster d o s e  was re p o r te d  by fuji i  ^  
^ . , ( 1 9 7 9 )  in Lamprey and  R ijkers  (1982 b op. cit.) in C a r p  using Sheep 
ilea Blood C e lls  (SKBC), M ughal and Manning (1985 op. citJ  in Grey mullet 
using H um an  Chorionic Gonadotrophin (HCG) and Sudha (1990 op. cii-) 
in Tilapia mossamOica using ovalc>uinin as a n t ig e n .
One way Anova showed th a t  ine antiCxxJy t i t re  values on 15th day 
also d i f fe re d  significahily. Analysis of c r i t i c a l  d ifference snow ea nighly 
s ignificant d if fe rence  in t h e  m ean antiOody l i t r e  values b e t w e e n  low ana 
nigh doses  (12.5 and 50^ug /g  body wt.) as  w ell  as  medium a n d  high doses 
(25 and 50 ^ug/g  body wt.),  (P<U.U1). As in t h e  case o f  p r im a ry  response, 
though th e  antibody t i t r e  va lues  of m edium  dose (25 ^ u g /g  body wt.) 
was hi({hcr than  tha t  o f  lo w e r  dose (12.5 ^ug /g  body w t.) ,  th i s  was not 
significant s ta t is t ica lly .
The f ish es  which r e c e iv e d  50 ^ug ovalDumin/g body w t.  developed 
necro tic  lesion and grow th  o f  wool like fungus  a t the incou la t ion  site. 
Such ease?  have been r e p o r te d  by o the r  w orke rs  also. Considering  the 
high p r im a ry  response and ab se n c e  of t issue  d am age ,  25 ^ug /g  body weight 
was s e l e c te d  as an a p p ro p r ia te  dose for  inoculation o f  ovalbumin for 
further s tud ies .
2- Comparison o f the routes o f  antigen adm inistration
T he  appearance o f  antibodies  in th e  se ra  of m e  tw o  groups of 
fishes w hich were inoculated  w ith  ovalbumin a t  tne ra te  o f  25 ^ug/g body 
weight in tram uscu lar ly  or in t raper i tonea l ly  w e re  monitored f ro m  me next 
day onw ards  along with th e  control group  which rece ived  no antigen. 
These f ishes  w ere  m ain ta ined  a t  23®C.
A ntibody  was d e l e c te d  on 3rd day in t h e  se ra  of fish w hich received 
i.m. inocu la t ion  whereas in i.p. inoculation i t  was on 6tn d a y .  Sailendri 
and Muinukkaruppan (1975) reported  th a t  anti-BSA and u n t i -S h e ep  Ked 
Blood Cell (SHBC) an t ibod ies  appeared w ith in  two days in t h e  serum of
TUapia m o s a m b ic a  a f t e r  in-traveiious uiunuiiizHtion a t  a d o se  o f  25rng/ 
animal a i  3U“C . U is a  w e ll  Known f a c t  tr ia l  trie an t ibody  proauciion 
is in f lu e n c e d  by a va r ie ty  o f  f a c to r s  including the  nature o f  trie antigen, 
t e m p e r a t u r e ,  d o se  and r o u te  o f  en try .  In t h e  present s tudy in tramuscular 
route o f  ovalDumin a d m in is t r a t io n  nas in d u c ed  an early  production of 
snliDody.
P r i m a r y  and s e c o n d a ry  responses w e re  worked out us ing  tiie sera 
co l lec ted  o n  9 tn  day a f t e r  p r im a ry  inocu la t ion  and 5in day  a f t e r  Dooster 
dose r e s p o c i i v e iy .  Tfie rne<ifi p rec ip i ta t ion  t i t r e  values o f  Dotn i.m. nnd
i.p. r o u t e s  a r e  presented  in T ab le  2 and F ig .  111. The m ean  t i t r e  values 
for ytn d u y  s e r a  (expressed in log 2) were 8.U58 ± (J.2'Z for i. tn. inoculation 
und 6.531 t  U.48 for i.p. inocu la t ion .
T n e  s e r a  co l lec ted  on tn e  5tn day a f t e r  Dooster d o se  gave mean 
p rec ip itH tion  t i t r e  value o f  8 .574 ± U.16 (se rum  dilution 1:381) and  T.588 t
0.18 ( s e ru m  d ilu tion  1:192) in tn e  i.m. and i.p .  rou tes  re sp ec t iv e ly .
S lu t lc t i l ' s  t '  t e s t  c a r r i e d  out to a s s e s s  the equality  o f  mean t i t re  
values o f  i . in .  and i.p. r o u t e s  of an t igen  adm in is tra t ion  in d ica ted  nignly 
s ign if ican t  d i f f e r e n c e  betvt/een the  two 0.01). Tnis r e s u l t  indicyte
tna t  tn e  i .m .  inoculation o f  ovalbum in  p roduce  significantly nigfier secondary 
response a s  com pareo  to  i .p .  inocuation .
K i jk e r s  ^  aL, (1980 a  op. c i t . )  r e p o r t e d  tnat th e  magnitude of 
tne p r im a r y  a n d  m e  s e c o n d a ry  response is r o u t e  dependent. He has  reported
Dose Kouie 
ug/g body
Wl.
Mean P rec ip i ta t io n  Titre va lue  witfi b.D.
Booster  dose
(P r im a ry  response)
15lfi day 
(Secondary response)
12.5 i.m. 7.618i0.28ii lOlM day 8.506t0.15a
25 i.m. 8.U58t0.22& lOin day 8.574±U.16P
50 i.m. 6 .388 t0 .5Sa ,b  lOtb day S.SUt0.l)9a,b
i.m. - in i r a m u sc u la r .  
aa. aa: Hignly significant 
Bb. bb; Highly significunl
(P < U .U U
ri
Table 2. A n tibody  production in  response to  d i f f e r e n t  routes
adm inis tra tion
o f  ovnlUjmin
Anii-
Dose l<.outc body 
.ug/g body Dcic- 
wi. ction
Mean P re c ip i ta t io n  Tiire va lue  with S.D.
9 tn  day
. V B oos te r  dose (P r im a ry  response)
15111 day 
(Secondary respons.3)
25 i.m. Jrd 
day
8.058±U.22** 10th day 8.574±0.16**
25 i . p .  6tn 
day
6 .5 3 U 0 .4 8  lOtn day 7.588±0.18
i.p. - in t ra p e r i to n e a l  
• •  Hignly s ig n if ic a n t  (P<0.(J1)
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Fig.in. Comparison of antitmdy production in d ifferen t routes 
o f ovalbumin adm inistration.
P -  PRIMARY RESPONSE 
S -  SECONDARY RESPONSE
ina t  C arp  primed with s h e e p  e ry th rocy tes  in tram uscu lar ly  developed  Oetter 
response a s  compared to  tn e  intravenous ro u te .  Several au thors  have 
reported t h a t  in tram uscular  injection o f  a n t ig en  elicits  h ig h e r  antibody 
ti tres  th a n  in traperi t ionea l  injection. Mughal and Manning ( i y 8 5  op.cit.) 
nave r e p o r te d  that in <.^rp, Cyprinus c a rp io  i.m. inocu la t ion  of Human 
Chorionic (Jonadocrophin (HCG) produced an t ibody  l i t re  o f  U (expressed 
in log 2) whereas i.p. inocu la t ion  p roduced  antibody t i t r e  of only 8 
(expressed in log 2) a t  18-22°C. Tne observa tions  in th e  p resen t  study 
also c o m p a re s  well with th e  above reports .
3. Immune response in d iffere n t s ize groups
A ntibody  li tres  w e re  determ ined  on  9 th  day in a l l  th e  four size 
groups vi^ ,  I, II, 111 and IV whicn were inocu la ted  with ovalbum in  in tra ­
muscularly a t  a dose of 25 ^ug/g body w e igh t .  Control f ish es  received 
no a n t ig e n .  All fishes w e re  given a b o o s te r  dose on 10th  day. The 
secondary response was e v a lu a te d  on 15th day .
T ne  m ean p rec ip i ta t ion  t i t re  values w ere  8.22, 8.13, 8.2D ana 8.U7 
on 9th d ay  and 8.78, 8.81, 8.72 and 8.80 on 15th day in t h e  groups I,
11, 111 a n d  IV respectively (Tab le  3). One way Anova showed no significant 
d if fe rence  between these  groups in the an t ibody  product ion  neither on 
9th day n o r  on 15th day. It can be conc luded  tha t  E t ro p lu s  suratensis 
is capab le  o f  mounting hu m o ra l  antibody t i t r e s  even a t  th e  s iz e  of 6.4ctn 
in length  and  5g in w eigh t  like an adult  one .  Even a t  th i s  size also, 
the im m une  system is well developed a s  in the adult f ish  to  produce 
specific an t ibod ies  against an  antigen.
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SiiTiilar r e s u l t s  "Qve t>eon r e p o r t e d  DV m a n y  a u t n o r s  in o i n c r  f i snes .  
A c c o r a i n g  lo  A m e n d  and J o n n s o n  ( l y S I )  and T e D o i t  ( 1 9 8 1 ) .  m e
. u n i m u p i  s ize  o f  Salmot iids  f o r  s u c c e s s f u l  v a c c i n a l i o n  a g a i n s t  ViDriosi.s 
a n d  E n te r i c  r e d  .Tioutn d i sease  i s  a b o u t  1g. t l io u g n  t h e  t r e a t m e n t  i s most  
e f f e c t i v e  on f i s h  o v e r  4.5g.  S a i l e n d r i  an d  M u l D u k k a r u p p a n  ( 1 9 7 5  op. 
c i t . )  c e p o r t e o  t n a t  v a u l t s  o f  T i l a p i a  m o s s a m b i c a  (2.5-3 n i o n i n s  ola)
c*dn m o u n t  Doth lu i in o ra l  ana  c e l l u l a r  r e spon ses .  In i n i s  s p e c i e s  i m m u n o ­
lo g i c a l  m a t u r a t i o n  o c c u r s  a t  1 l o  2 m o inns  o f  n a t c f i i n g  (S a i l en d r i  1973).  
W a rd  ( 1 9 8 5  op.  ci t . ) .  r e p o r t e d  t n a t  S a l m o  g a i r d n e r i  o f  U .15g  ar e
c a p a b l e  o f  m o u n t i n g  a  low l ev e l  o f  i m m u n e  r e s p o n s e  t o  Vibrio a t i ^ u iLlarmn 
v a c c i n e  a a u  t ' l i s  p r o t e c t i v e  r e s p o n s e  in c r e a s e d  a s  vue  f i sh g r o w s ,  t o  the  
tn resHoId  l ev e l  o f  U.5g and u ie  v a c c i n a t i o n  become.s  m o r e  e f f i c i e n t .  P a t e r s o n  
a n d  F ry e r  (1974)  r e p o r t e d  t n a t  C o n o  Sal m on ,  ( J n c o r n y n c n u s  k i s u t c n  e v e n  
a t  t h e  s i ze  1 .2g c a n  be v a c c i n a t e d  s u c c e s s f u l l y  a g a i n s t  A e r o m o n a s  s a l m o - 
c i d a  and t n e i r  i m m u n e  s t a t e  p e r s i s t s  f o r  a t  l e a s t  1 y e a r  a f t e r  i n j e c t i o n .
Tne r e s u l t  in t h e  p r e s e n t  s t u d y  a lso s u g g e s t s  tne  p o s s i b i l i t y  o f  
i m m u n i z a t i o n  o f  H i ro p lu s  s u r a t e n s i s  in the  v e r y  y o u n g  s t ag e  o f  5 g  i t s e l f  
a g a i n s t  i n f e c t i o u s  d i s ea s e s  a n d  e x p e c t  a d e g r e e  o f  p r o iec t io t i .  I t  was  
d i f f i c n i t i o  e x t e n t  t n i s  s tuoy to  s t i l l  sm r t l l e r  a n i m a l s  b e c a u s e  o f  t n e  d i f f i c u l i v  
in t n e  co l l e c i io t i  o f  s u f f i c i e iu  v o l u m e  o f  blood.  H o w e v e r ,  f u r t h e r  s t u d i e s  
vs'ith s t i l l  s m a l l e r  a n i m a l s  a r e  n e e d e d  Co d e t e r m i n e  t h e  lower  t h r e s h o l d  
s i z e / d g e  o f  i m m u n e  re s p o n s e  in t h i s  s p e c i e s .
4. Kinetics  o f  a n t i b o d y  product ion
Tne f i r s t  a i^penra i ice  o f  p r e c i p i t a t i n g  a n t i b o d y  in t h e  s e r u m  «nd
m e  d a i l y  c h a n g e  in Uie  p r e c i p i i a i i o i i  l i t r e  v a lue s  w e r e  m o n i t o r e d  usinir 
p o o l e a  Dlood f r om  m e  an im a l . ?  w ni cn  w e r e  i n o c u l a t e d  w i t t i  ovalDumin 
a t  t h e  r a t e  o f  25 ^ u g / g  o o d y  w e ig n t .  T n e  d a i l y  c n a n g e s  in  m e  p r i m a r y  
r e s p o n s e  w e r e  e s t i m a t e d  f o r  19 d a y s  in  m e  an i m a l s  t h a t  r e c e i v e d  o n ly  
t n e  p r i m a r y  do se .  T n e  c h a n g e  in s e c o n d a r y  r e s p o n s e  w a s  e s t i m a t e d  f r o m  
t n e  b l o o d  c o l l e c t e d  on T 2 tn ,  l o t n ,  2 4 t n  a n d  126tn d a y  f r o m  t h e  a n i m a l s  
w n icn  r e c e i v e d  tt ie b o o s t e r  d o s e  on lOtJi d a y .  T he  k i n e t i c s  o f  m e  a n i i b o d y  
r e s p o n s e  a r e  p r e s e n t e d  b e l o w .  T n e  g r a p h i c  r e p r e s e n t a t i o n  o f  cne s a m e  
is g i v e n  in F ig .  V.
P r i m a r y  r e s p o n s e
T h e  p r e c i p i t a t i n g  a n t i b o d y  w as  d e t e c t e d  in t n e  s e r u m  on 3rd d a y  
w h e r e  miiJin t i t r e  v a l u e  w a s  1 ( e x p r e s s e d  in log  2) w i i h  c o r r e s p o n d i n g  
s e r u m  d i l u t i o n  o f  1:2. O n  4 t h  d ay  t h e  m e a n  t i t r e  v a lu e  i n c r e a s e d  su d d en ly  
t o  4 .y  w h e r e  tt ie s e r u m  d i l u t i o n  was  1 :30 .  T h e r e a f t e r  t h e  p r e c i p i t a t i o n  
t i t r e  i n c r e a s e d  on ly  g r a d u a l l y  and r e a c h e d  t h e  peak  v a l u e  on ytn day .  
At  m e  p e a k ,  t n e  m e a n  p r e c i p i t a t i o n  t i t r e  w a s  8.18 ( log 2) w i t h  the  s e r u m  
o i t u t i o n  o f  1:2!^0. T n e r e u f t e r  a  g r a d u a l  d e c r e a s e  in t n e  t i t r e  v a lue s  w e r e  
o b s e r v e d  o v e r  m e  d a y s .  M e a n  l i t r e  v a l u e s  w e r e  7 .3 2 ,  6 . 6 4 .  6.12 an d
5.y  on I 2 i h .  14tn .  16tn  a n d  1 8 m  d ay  r e s p e c t i v e l y .  On l y t n  d a y  tne  m e a n  
l i t r e  v a l u e  d e c l i n e d  to  5.7U w h e r e  t n e  s e r u m  d i l u t i o n  w as  1:6U.
SocorxJary  res|X)n.so
T n e  f i s h e s  r e c e i v e d  t h e  b o o s t e r  d o s e  o n  lOtn d a y  s J io w e d  a sudden
i n c r e a s e  in  t h e  l i t r e .  T h e  m e a n  t i t r e  v a l u e  r e a c h e d  9.1 ( s e r u n i  d i lu t i on  
1:550) o n  1 2 l h  d ay  a s  a g a i n s t  8.18 ( s e r u m  d i lu t i o n  1 :290)  o n  9th  day.  
T i t r e  v a l u e  s h o w e d  a  d e c r e a s i n g  t r e n d  t h e r e a f t e r  w i th  8 . 6 4  o n  lo tn  d ay
T a b l e  8. C o m p a r i s o n  o f  P r e c i p i t a t i o n  T i t r e  va iues  in  f i s h  witli a n d
w ithou t  b o o s t e r  dose
D a y
Fis /J  ivitfjout b o o s t e r  dose F is / i  w i th  b o o s t e r d o s e  on lUin  d u y
S e r u m  d i b t i o n T i t r c  v a lu e  
in  l o g  2
S c r u m  diJut ion T i t r e  value 
in  log 2
9 290 8 . 1 8 290 8.18
12 160 7 . 3 2 550 9.1
15 85 6.41 400 8.64
19 60 5 . 7 0 - -
24 - - 260 8
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and 8 o n  2 4 t h  day. T h e  s e r a  c o l le c te d  f r o m  these f i s h e s  o n  126ih d a y  
g a v e  a  m e a n  p re c ip i t a t io n  t i t r e  value o f  5 .64  (serum d i l u t i o n  1:50). A 
c o m p a r i s o n  o f  t i t r e  v a lu e s  o f  fish w i th o u t  b o o s te r  dose a n d  w i th  b o o s te r  
dose  is  p r e s e n t e d  in t h e  T a b l e  8.
T h e  r e s u l t  shows t h a t  t h e  s e c o n d a ry  response  w as  h i g h e r  and p ro ­
longed t h a n  t h e  pr im ary  r e s p o n s e .  In t h e  f i s h  which w e r e  g iv e n  b o o s te r  
dose ,  t h e  p r e s e n c e  o f  s p e c i f i c  antibody c o u l d  b e  d e m o n s t r a t e d  even on 
I2 6 th d a y  . Prolonged e x i s t a n c e  o f  a n t i b o d y  in serum m a y  be  po in t ing  
o u t  t o w a r d s  a  c o rre s p o n d in g ly  long p e r i o d  o f  immune c o v e r a g e  and  is 
a  f a v o u r a b l e  point.
5. Immunotoxicity of Copper
T o  in v e s t ig a t e  t h e  im m u n o to x ic  e f f e c t  o f  copper  in E t r o p l u s  s u r a t e n -  
sis, o v a l b u m i n  was a d m i n i s t e r e d  in t r a m u s c u la r ly  to tw o  g r o u p s  o f  f ishes  
o f  w h ich  o n e  group had  a  p r io r  exposure  t o  t h e  heavy m e t a l  copper  (Cu) 
a t  5  p p m .  l e v e l  in w a t e r .  T h e  pr im ary  r e s p o n s e  in bo th  t h e  groups w e re  
m o n i t o r e d  on  4th, 5 th, 7 t h  an d  9th  d a y s .  Booster  d o s e  w a s  given t o  
b o th  g r o u p s  on  10th d a y  a n d  secondary  r e s p o n s e  was t e s t e d  on  15th an d  
31s t  d a y .  T h e  p re c ip i t a t io n  t i t r e  values in  b o t h  the g roups  w e r e  com pared .  
The r e s u l t  is  shown in t h e  T a b l e  5 and  F ig .  VI.
O n  4 t h  day the  m e a n  p re c ip i t a t io n  t i t r e  values w e r e  e q u a l  in b o th  
t h e  g r o u p s  (4 .90 e x p re s s e d  in log 2). T h o u g h  the  t i t r e  v a lu e s  w ent  on  
in c r e a s in g  in  both the  g r o u p s  t h e r e a f t e r ,  t h e  r a l e  o f  i n c r e a s e  in c o p p e r  
exposed  a n i m a l s  was m u c h  lo w e r  th an  t h a t  in th e  u n e x p o s e d  con tro ls .  
T here  w e r e  w ide  d i f f e r e n c e s  in the m e a n  t i t r e  values o f  C u  t r e a te d  and
control  f i s h e s  on ine  7 ih  a n d  y ih  auy  w n e n  s e r a  were t e s t e d .  On 7ih  
day c o n t r o l  f ish  gave p r e c i p i t a t i o n  up to  a  s e ru m  dilu t ion  o f  1:110 ( 6.78 
in log 2) w h e r e a s  in the  C u  t r e a t e d  g ro u p  i t  was 1:60 (5.9 in log 2) and 
on 9th  d a y  i t  w as  1:290 a n d  1:65 r e s p e c t i v e ly  (8.l8<5c6.02 in l o g  2).
A f t e r  t h e  a d m i n i s t r a t i o n  o f  boos te r  d o s e ,  th e re  was a  s u d d e n  inc rease  
in the  t i t r e  v a lu e  in t h e  c o n t r o l  g roup w h e r e a s  in the  C u  t r e a t e d  g roup  
the  i n c r e a s e  w as  m arg in a l .  O n  15th d a y  t h e  mean p r e c i p i t a t i o n  t i t r e  
value in t h e  con tro l  f i s h e s  w a s  8.64 ( s e r u m  dilution 1:400) w hereas  in 
the  Cu t r e a t e d  group i t  w a s  only 6.49 ( s e r u m  dilution 1:90).  On the  
31st da y  a l s o  t h e  c o n t ro l  g r o u p  m ain ta ined  a n  apprec iab le  l e v e l  o f  spec i f ic  
an t ibody in t h e  serum g iv in g  rise to  a  m ea n  precipitation  t i t r e  o f  7.96 
( in l o g  2) with s e r u m  d i lu t io n  1:250 w h i le  in the  C u  t r e a t e d  g roup 
the m e a n  p r e c i p i t a t i o n  t i t r e  v a lu e  was 3.32 ( in log 2) w i t h  s e r u m  dilu t ion  
1 : 1 0 .
T h i s  r e s u l t  in d ic a te  u c l e a r  cu t  im m u n o s u p p re s s iv e  e f f e c t  o f  copper  
in E t ro p lu s  s u ra te n s i s .  C o p p e r  may be e x e r t i n g  i ts  im m u n o su p p re s s iv e n e ss  
through i t s  to x ic  e f f e c t  o n  t h e  an t ibody p ro d u c in g  c e n t r e s  o f  fish such 
as a n t e r i o r  k idney,  sp leen  a n d  thymus c a u s i n g  dam age  t o  s u c h  c e n t r e s  
pa r t ia l ly  o r  fu l ly  or  e lse  r e d u c i n g  the s p e c i f i c  an t ibody  p r o d u c t i o n  c a p ac i ty  
of the  f ish .
R e p o r t s  on the  im m u n o su p p re s s iv e  e f f e c t  o f  copper  a n d  o t h e r  heavy 
m eta ls  on  f i s h  a re  a v a i l a b l e  in l i t e r a t u r e .  K o lo m i t s e v s  _e^ (1969) 
repo r ted  t h e  im m u n o s u p p re s s iv e  e f f e c t  o f  c o p p e r .  S tevens (19 7 7 )  im m unized
A ntigen  R o u te  
b ^ d y  w t .
M e a n  P r e c i p i t a t i o n  T i t r e  value v^ith S.D.
9 t h  day 
( P r i m a r y  response) B o o s te r  dose
15 t l i  day 
(S e c o n d a r y  r e s p o n s e )
jD.S.A. 25  i.ni. 3 .1 7  ± 0.46 10th day 5 .0 4  ± 0.25
Ovalbum in  25 i.m. 8 .0 5 8  ± 0.22** 10 til day 8 . 5 7 4 ±  0.16**
Highly s i g n i f i c a n t  ( P < 0 . 0 1 )
T a b l e  5 .  Ant ibody p r o d u c t i o n  In C u  t r e a t e d  and c o n t r o l  f i s h e s .
D o s e
Antigen  /U g /g  body  Rou te  
w t .
D a y s  o f P re c ip i ta t io n  T i t r e  va lue
DXOOU "
c o l l e c t i o n C u .  t r e a te d C ontro l
4 4.90 4.90
5 5.34 5.64
7 5.90 6.78
O valbum in  25 i.m. 9 6.04 
B o o s te r  dose  ^
8.18 
on  1 0 th  day
15 6.49 8.64
31 3.32 7.96
Fig. VI. C o m p a r i s o n  o f  a n t i b o d y  p roduc t ion  in  C u  t r e a te d
an d  c o n t r o l  f ishes
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juvenile  C o n o  Salmon, Oncnorhyncfius  k i su tc h  in t r a p e r i to n e a l ly  w i th  form alin-  
killed V ib r io  angu il larum . Immunized S a lm o n  were e x p o sed  t o  10.1-32.9 
ppb. l e v e l s  o f  Cu in w a te r  fo r  31 days. T h e  surv ivers  w e re  t h e n  a c c l im a te d  
and n a t u r a l l y  challenged by  ^  anguil larum f o r  up to  34 d a y s .  He observed 
s trong  d e c r e a s e  in ihe  b a c t e r i a l  a g g lu t in a t io n  l i t re s  a f t e r  C u  exposure.
R o a l e s  (1974) t r e a t e d  Blue gouram i,  T r ic h o g a s te r  t r i c h o p te r u s  with 
Cu a t  9 p p b . leve ls  for  4 - 5  weeks  and im m u n iz e d  with v i r a l  o r  bac te r ia l  
an t ig e n s .  He  repor ted  t h a t  viral n e u t r a l i z a t i o n  l i t r e s  w e r e  dras t ica l ly  
red u c e d  w n i le  bac te r ia l  a g g lu t in a t io n  t i t r e s  w ere  not e v e n  d e le c ta b le .  
T here  is  h a r d l y  any r e p o r t  on the im m unosuppress ive  e f f e c t  o f  Cu on 
any o f  t h e  Ind ian  fish.
S p e c i f i c  antibody r e s p o n s e  is s u s c e p t a b l e  to s u p p re s s io n  by many 
heavy m e t a l s .  Among t h e m  copper is a p p a r e n t l y  c a p a b le  o f  increasing 
fish b a c t e r i a l  disease i n c i d e n c e  (Zeeman a n d  Brindley 1981 op. c i t .) .
T h e  p r e s e n t  s tudy  s u g g e s t s  the  a b i l i t y  o f  copper  t o  weaken m e  
immune s y s t e m  of  E t rop lus  su ra ie n s i s . T h i s  m ay rende r  t h e  hosi more 
s u s c e p t ib le  t o  infec t ious  d i s e a s e s .
Immune Response to Bovine Serum Albumin (BSA)
T h e  im m u n e  r e s p o n se  to  BSA in Etroplus  s u r a i e n s i s  was also 
e v a lu a te d  a s  a  part  o f  t h e  p re se n t  s tu d y .  T h e  e x p e r i m e n t a l  animals  
rece ived  BSA a t  tfie r a t e  ot25  ^ug/g body w e i g h t  along w i th  t h e  adjuvant .  
P r im ary  r e s p o n s e  was d e t e r m i n e d  on 9 th  d a y  using p r e c i p i t a t i o n  le s t .  
The m ean  t i t r e  value e x p r e s s e d  in log 2 w as  3 .17  ± 0.46 ( s e r u m  dilut ion 1:9)
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OVALBUMIN
P -  PRIMARY R E S P O N S E  
S -  SECONDARY RESPON SE
T t ie  secondary  r e s p o n s e  observed o n  5 th  day of i h e  in jec t ion  o f  
tXHJster d o s e  o f  same a m o u n t  o f  BSA w i t h o u t  adjuvant w a s  h igher  than  
th e  p r i m a r y  response .  T h e  m e a n  t i t r e  v a lu e  expressed  in l o g  2 was 5.04 ±
0.25 ( s e r u m  dilut ion 7;33) a s  a g a in s t  3.17 ±  0 .46  in th e  p r i m a r y  response.  
Higher  s e c o n d a r y  response  i s  a s  pe r  th e  l o g i c a l  e x p e c ta t io n  o n ly .
T h e  p r im ary  and  s e c o n d a r y  r e s p o n s e s  t o  BSA a n d  ova lbum in  a r e  
p r e s e n t e d  in Table  4 t o  p r o v id e  a c o m p a r i s o n .  The tw o  g r o u p s  of f ishes  
r e c e i v e d  a  s im i la r  dose o f  25  ^ ug /g  body w e i g h t  o f  e i th e r  BSA o r  ovalbumin 
in th e  f i r s t  d a y  along w i t h  a d ju v a n t  an d  a  s i m i l a r  dose on 10th day  w ithout  
a d ju v a n t .  T h e  antigen w a s  a d m in i s t e re d  in t r a m u s c u la r ly .
I t  c a n  be seen  f r o m  t h e  table t h a t  c o m p a re d  to  BSA, t h e  response  
was o f  h ig h  magnitude w i t h  ovalbumin. T h i s  is t ru e  f o r  b o th  p r im a ry  
re s p o n s e  a n d  secondary r e s p o n s e .  The m e a n  t i t re  v a lu e s  f o r  ovalbumin 
and  BSA w e r e  8.058 ± 0 .2 2  an d  3.17 ± 0 .4 6  re sp e c t iv e ly  on  9 th  day a n d  
8.574 ± 0 .1 6  and 5.04 ± 0 .2 5  on  15th d a y .  T h e  s tu d e n t ' s  ' t '  t e s t  r e v e a l e d  
th e s e  d i f f e r e n c e s  in t h e  r e s p o n s e  to be h ig h ly  s ign i f ican t  (P«C0.01) .  T h e  
p r e s e n t  o b se rv a t io n  is s i m i l a r  to th e  r e p o r t  o f  Sudha (1990  op. c i t .)  in 
T i la p ia  m o s s a m b ic a . S h e  h a s  repor ted  t h a t  com pared  t o  o v a lb u m in , BSA 
p r o d u c e d  a  very low a n t i t x x ly  p r e c i p i t a t i o n  t i t re  on p r i m a r y  in jec t ion  
an d  a  m o d e r a t e  value o n  s e c o n d a r y  i n je c t i o n .
IMMUNE RESPONSE TO AE RQ M Q N A S H Y D R O PH IL A  EMU 20
T h r e e  groups o f  10 f is r ies  each  w e r e  g iv e n  fo rm alin  k i l l e d  A erom onas  
h y d r o p h i l a  c e l l s  a t  a  d o s e  of 1x10® c e l l s  t h ro u g h  in t r a m u s c u la r ,
i n t r a p e r i t o n e a l  and o ra l  r o u t e s .  C o n t r o l  g r o u p  was m a i n t a i n e d  w i thou t  
a n t ig e n  in je c t io n .  T ne  p r i m a r y  response  w a s  eva lua ted  o n  day a n d
s e c o n d a r y  response  on 2 4 t h  d ay  with b o o s t e r  dose a d m i n i s t e r e d  on 19th  
day.  T h e  resu l ts  o f  a g g lu t in a t io n  and  p re c ip i t a t i o n  t e s t s  a r e  shown in 
t h e  T a b l e  6 <5c 7 and F ig . ‘ VII <5c VIII.
A g g lu t in a t io n  t e s t  u s in g  12th day  s e r a  f rom i.m. i n o c u la t i o n  show ed  
c lu m p in g  o f  bac te r ia l  c e l l s .  The m ea n  a g g lu t in a t io n  t i t r e  v a lu e  in log 2 
was 1 ( s e r u m  dilution 1:2).  The c lu m p in g  o f  ba c te r ia l  celfe on  microsl ide  
is s h o w n  in the  P la te  VI. The se ra  f r o m  control  f i s n e s  d id  not show 
any  c l u m p i n g ,  s u g g e s t in g  t h e  absence  o f  an t ibody a g a i n s t  Aeromonas 
h y d r o p h i l a  in  the  blood ( P l a t e  VII).
S e r u m  from i .p . inocu la t ion  g a v e  m e a n  a g g lu t i n a t i o n  t i t r e  v a lu e  
o f  2 ( s e r u m  dilution 1:4). B u t  oral  r o u t e  d id  not  p roduce  a n y  a g g lu t in a t in g  
a n t i b o d y  in the  c i r c u la t in g  blood. The b o o s t e r  dose a d m i n i s t r a t i o n  th ro u g h
i.m. a n d  i .p .  rou tes  r e s u l t e d  in the  i n c r e a s e  o f  m ean  a g g lu t in a t io n  l i t r e  
t o  3 .00  a n d  4.32 r e s p e c t i v e l y .  But in t h e  c a s e  of oral  in o c u la t i o n ,  a g g lu t i ­
n a t i n g  a n t i b o d y  could n o t  b e  d e te c te d  in t h e  serum e v e n  a f t e r  the b o o s te r  
dose.
S e r a  from all  t h e  ab o v e  groups w e r e  te s ted  f o r  p rec ip i t in s  a lso .  
On 1 2 t h  d a y ,  the m ean  p r e c i p i t a t i o n  t i t r e  v a lu e  o f  i.m. a n d  i .p .  inocu la t ions  
w e re  2 a n d  4.32 re sp ec tive ly  (serum d i l u t i o n s  1:4 a nd  1:20). C o n t r a r y  
t o  t h e  agg lu t ina t ing  a n t i b o d i e s ,  p r e c i p i t a t i n g  antibody w a s  d e te c t e d  in 
th e  s e r u m  o f  fish w hich  r e c e iv e d  o ra l  inocu la t ion  o f  t h e  b a c te r i a .  T h e  
t i t r e  v a l u e  was 1 (Serum  d i lu t ion  1:2).
P l a t e  VI. A e r o m o n a s  hydroph i la  suspension in n o r m a l  saline m ix e d  
w i t h  s e r a  o f  i m m u n iz e d  fish. M a r k  t h e  c lum ping  o f  
b a c t e r i a l  cells ( s t a i n e d  with G r a m 's  su f ra n ine  so lu t ion ,  
M e r c k  x  1000).
P l a t e  VII. A e r o m o n a s  hydroph i la  suspension in n o r m a l  saline m ix e d  
w i t h  c o n t r o l  se ra .  N o t e  the even ly  d i s t r ib u t e d  b a c t e r i a l  
c e l l s  ( s ta ined  with  G r a m ' s  su f ra n ine  so lu t ion ,  M e rc k  x 
1 0 0 0 ).

A s  in the c a s e  o f  a g g lu t in a t io n  t i l r e ,  the  p r e c i p i t a t i o n  t i t r e  a l s o  
i n c r e a s e d  a f t e r  the  b o o s t e r  dose a d m i n i s t r a t i o n .  H o w e v e r  t h e  m agn i tude  
o f  i n c r e a s e  was m ore  w i t h  th e  i.p. i n o c u l a t i o n .  The m e a n  p re c ip i t a t io n  
t l t r e s  o n  2 4 th  day w e r e  4 (serum d i lu t i o n  1:16) and 6 .6 4  (se rum  d i lu t ion  
1:160) i n  i .m .  and i.p. i n o c u l a t i o n s  r e s p e c t i v e l y .  In t h e  c a s e  o f  oral  a d m in i ­
s t r a t i o n ,  t t ie  mean p r e c i p i t a t i o n  t i t r e  v a lu e  i n c re a se d  t o  3 .1 7 .  A gg lu t ina t ing  
a n d /o r  p r e c ip i t a t in g  a n t i b o d y  was not  d e t e c t e d  in t h e  s e r u m  of  c o n t r o l  
f ishes .
T h e  resul t  show s  t h a t  i.p. i n o c u l a t i o n  is t h e  r o u t e  o f  choice f o r  
A e r o m o n a s  hydrophila . O r a l  inocu la t ion  r e s u l t e d  in p o o r  im m uno log ica l  
r e s p o n s e .  In the case o f  i . p .  and  i.m. a d m i n i s t r a t i o n s ,  t t i e  a n t i g e n  d i r e c t l y  
c o m e s  in  c o n t a c t  wi th  t h e  v a scu la r  s y s t e m .  This  may h e l p  t>et ter  a n t ib o d y  
p r o d u c t io n  whereas  in t h e  ca se  o f  o r a l  a d m in i s t r a t i o n ,  a n t i g e n  has  t o  
c ross  t h e  ba rr ie r s  o f  t h e  in te s t i n a l  t r a c t  t o  e n t e r  in to  t h e  blood s y s te m .  
M o re o v e r ,  in oral i n o c u la t i o n  the re  is t h e  m a j o r  problem o f  t h e  d e s t r u c t io n  
o f  a n t i g e n  in the s t o m a c h  and  f o r e g u t  b e f o r e  they  r e a c h  th e  im m u n e  
s e n s i t iv e  a r e a s  of  tn e  l o w e r  g u t  ( R o m b o u t  £ t  1985).
T h e  pr im ary  r e s p o n s e  observed in  t h e  presen t  s t u d y  with a  d o s e  
o f  1x10 c e l l s  could b e  c o n s id e r e d  as  l o w .  L a m ers  e ^  (1985 ) u sed  
A e r o m o n a s  hydrophila  a s  a  m odel  a n t i g e n  in Carp  and  r e p o r t e d  t h a t  w i th  
10^ c e l l s  in je c te d  pe r  lOOg body w e igh t ,  t h e  p r im ary  a n t i b o d y  t i t re s  w e r e  
low. In t h e  p resen t  s t u d y  a l s o  the  p r i m a r y  response  w a s  suppor t ing  t h e  
above  c i t e d  repo r t .  H o w e v e r ,  the  s e c o n d a r y  response  w a s  n igh  e spec ia l ly  
in t h e  i .p .  inocula tion.
Dose
1x 10® c e l l s  
1x10® c e l l s  
1x10® c e l l s
Route
Mean A g g l u t i n a t i o n  T i t r e  v a lu e
1 2 t n  d ay  B o o s t e r  2 4 t h  day
( P r i m a r y  r e s p o n s e )  d o s e  ( S e c o n d a r y  response)
1 1 9 t n  d ay  3
i-P- 2 1 9 t n  day 4 .3 2
or a l  N o n  d e t e c t a b l e  1 9 t h  day N o n  d e t e c i a D l e
T a b l e  7. P r e c i p i t a t i n g  A n t ib o d y  p r o d u c t i o n  in r e s p o n se  t o  d i f f e re n t  
r o u te s  o f  A e r o m o n a s  h y d ro p f t i l a  a d m in i s t r a t io n .
D ose • Route
M ean  P r e c i p i t a t i o n  T i i r o  v a l u e
1 2 t h  day B o o s t e r
( P r i m a r y  r e s p o n s e )  d o s e
24 i n  day 
( S e c o n d a r y  re spon se )
)xlO® c e l l s  
1x10® c e l l s  
1x10® c o l l s
i.m.
i.p.
ora l
2
4 .3 2
1
1 9 t h  day 
1 9 t h  day 
1 9 t h  day
4
6 .6 4
3.17
Fig. VII. Com parison  o f  a g g lu t in a t in g  a n t i lx x Jy  p roduct ion  in  d i f f e r e n t  
ro u te s  o f  hydrophito a d m in i s t r a t i o n .
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F ig .  VIII. C om par ison  o f  p r e c i p i t a t i n g  a n t i b o d y  p r o d u c t io n  in 
d i f f e r e n t  r o u t e s  o f  t iydrophila  a d m in i s t r a t i o n .
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P o s t  (1966 op. c i t . )  r e p o r te a  t n a t  i .p. route  o f  d e l i v e r y  of A. 
hydrophila  w as  the m os t  r a p id  method o f  producing p r o t e c t i v e  aniibody 
l i t re s  in raintx>w t rou t ,  b a l m o  gairdneri . H e  also r e p o r t e d  v e r y  slow and  
weak r e s p o n s e  in tfie o r a l l y  inocula ted  g r o u p  of  fish. T n e  r e s u l t  o f  th e  
p re se n t  s t u d y  is in a g r e e m e n t  wi th  the  a b o v e  c i t e d  o b s e rv a t io n s .
C h a l le n g in g  e xpe r im en t
All  t h e  above f o u r  g ro u p s  o f  f i s h e s  (10 No. in e a c h  group) were
4
cha l lenged  w i th  live A e r o m o n a s  hydrophila  a t  a  dose a t  1x10 cells in t r a ­
m uscu la r ly .  T he  m o r t a l i t i e s  o f  fish in e a c h  g r o u p  were r e c o r d e d .
In t h e  control  g r o u p ,  o u t  of the  10 f ishes  c h a l l e n g e d ,  a l l  but one  
died. In t h e  group w hich  rec e iv ed  o ra l  im m u n iz a t io n  t h e  m o r t a l i ty  was 
7096 a n d  in th e  i n t r a m u s c u la r  im m u n iz a t io n  60%. In t h e  c a s e  of in t r a -  
p e r i t io n e a l  inocula tion t h e  m o r t a l i t y  was o n ly  20%. The d e a d  f ishes  showed 
ro t ted  f in s  a n d  reddish l e s i o n s  on the  body  s u r f a c e .  T he  g i l l s  were pale ,  
pe r iphe ra l  blood vessels c o n g e s t e d ,  h e a r t  a p p e a r e d  c o n s t r i c t e d  a n d  cham bers  
were e m p t y .  Pe r i tonea l  a n d  pe r ica rd ia l  c a v i t i e s  sh o w e d  a ccum ula t ion  
of c le a r  f lu id .
C h i - s q u a r e  t e s t  w a s  c a r r ie d  ou t  t o  assess  the  e f f e c t i v e n e s s  o f  
im m u n iz a t io n  in the a b o v e  g roups  o f  f i s h e s ,  and  the r e s u l t  is shown in 
the T a b le  9. The C h i - s q u a r e  t e s t  showed t h a t  the i.p. im m u n iz a t io n  was 
the m o s t  e f f e c t i v e  w here  t h e  m or ta l i ty  w a s  only 20% c o m p a r e d  to  the  
90% m o r t a l i t y  in the c o n t r o l  group. The C h i - sq u a re  va lue  w a s  s ignif icant 
a t  1% l e v e l .  It is to  t>e rec a l le d  h e re  t h a t  it was in i .p .  inoculation 
of ^  h y d r o p h i l a  t h a t  h a s  g iv en  r ise t o  t h e  highest  a g g lu t i n a t i o n  t i t r e
Table 9. Challenge of immumzed and non immunized fish wiUi
live Aeromonas hydrophila cells
Number
of
fishes
R o u t e  of 
im m u n iz a t io n
P r e c i p i t a t i o n  
t i t r e  va lu e  
( 2 4 t h  day)
R o u t  o f  
c n a l l e n g e  
i n o c u l a t i o n
% M o r t a l i t y Chi-square
Value
10 i.p. 6 .64 i .p . 20% 7.27**
10 i .m . 4 i .p . 6 0 ^ 1.89
10 Oral 3 ,17 i .p . 70% 0.92
10 C o n t ro l N o t
d e t e c t a b l e
i .p. 90%
**  r i ign ly  s ign if icun i (I '<U.U1J
value  o f  4 .32  (log 2) w i t h  s e ru m  d i lu t ion  1:20 and p r e c i p i t a t i o n  t i t r e  va lu e  
o f  6 .64 ( log  2) with s e r u m  d i lu t ion  1:100. T h e  higfi t i t r e  v a l u e  and lo w e s t  
m o r t a l i t y  in this  g roup  p o i n t s  towards  t h e  p re s e n c e  o f  a p p r e c i a b l e  q u a n t i t y  
of  s p e c i f i c  an tibodies  a g a i n s t  the  b a c t e r i a  ^  hy d ro p h i la  in the  b lood  
and  i t s  e f f e c t i v e n e s s  in p r o te c t in g  t h e  f i s h  against  t h e  A. hydrophila  
c h a l l e n g e .
I t  is s ign if icant  t o  m e n t io n  t h a t  t h e  m o r t a l i ty  in t h e  i .m .  inocu la t ion  
g roup  v/as  60% in w h ich  t h e  mean p r e c i p t i a t i o n  t i t r e  v a l u e  w as  4 ( se ru m  
d i lu t io n  1:16). But in t h e  group w h ich  r e c e i v e d  o ra l  im m u n iz a t io n ,  t h e  
m o r t a l i t y  w a s  s ti l l  n igh  i . e . ,  70% in w h i c h  the  m e a n  p r e c i p i t a t i o n  t i t r e  
va lue  w a s  only 3.17 ( s e r u m  dilut ion 1:9).  In c o n t ro l  f i s h  no a n t ib o d y  
was d e t e c t e d  and th e  m o r t a l i t y  was 90 96 o n  chal lenge.  T h i s  shows t h a t  
when t h e  an t ibody t i t r e  is  high, th e  m o r t a l i t y  is l e s s  a n d  vice v e r s a .  
The 10% survival  in t h e  c o n t r o l  g ro u p  m a y  be due t o  t h e  non s p e c i f i c  
i m m u n i t y  innat ly  p r e s e n t  in the  in d iv id u a ls  o f  a  p o p u l a t i o n .  H ow ever ,  
th e  h i g h e s t  degrees  o f  p r o t e c t i o n  was f r o m  the  i.p. i n o c u l a t i o n  fo l lo w e d  
by i .m .  a n d  o ra l  in o c u la t io n s .
S c h a p e rc la u s  (1954 <Jf1970 c i te d  b y  L a m e r s ,  1985) f i r s i  demonstrated  
p r o t e c t i o n  o f  Carp  a g a i n s t  ^  hyd roph i la  m ea su red  a s  i n c r e a s e d  su rv iv a l  
o f  l a b o r a t o r y  fish. P o s t  (1963) i n o c u l a t e d  h e a t  k i l led  hydrophila  in  
r a in b o w  t r o u t ,  Salmo g a i r d n e r i  a t  t h e  r a t e  o f  1 m g /f i sh  in  in t r a m u s c u la r ,  
i n t r a p e r i t o n e a l  and o r a l  r o u t e s ,  a f l  reported  t h a t  t te  highest d ^ e e  of fxvteeticn 
was in  t h e  i n t r a p e r i t o n e a l  inocu la t ion  fo llow ed  by irttrarmscular and t h e  
l e a s t  b y  o r a l  inocula t ion .
P o s t  (1966 op. c i l . )  provided c o m p r e h e n s iv e  i n f o r m a t i o n  about  
p r o t e c t i o n  in the  r a in b o w  t r o u t ,  Sa lm o g a i r d n e r i .  He r e p o r t e d  t h a t  i .p. 
rou te  o f  d e l iv e r y  o f  A. h y d r o p h i l a  was t h e  m o s t  rapid m e t h o d  o f  producing 
p r o t e c t i v e  a n t ib o d y  l i t r e s  in  S a im o  g a i r d n e r i .  He  r e p o r t e d  a  slow response  
in tn«.' o r a l l y  inocu la ted  g r o u p  o f  fish. T h e  r e s u l t  in th«  p r e s e n t  s tudy is 
in a g r e e m e n t  with th e  at>ove repo r ts .
In inducing p o s i t i v e  im m unity ,  a d m i n i s t r a t i o n  by i n j e c t i o n  is m o re  
e f f i c i e n t  t h a n  oral  i m m u n i z a t i o n  o r  d i r e c t  im m ers ion  t e c h n i q u e s ,  a l th o u g h  
the  l a t t e r  m ethods  p r o d u c e  reasonab le  r e s u l t s  and m ay b e  p r e f e ra b l e  fo r  
o th e r  r e a s o n s .  Ward ^  (1985 op. c i t . )  c o m p a r e d  t h e  a n t i b o d y  resp o n s e  
in S a l m o  g a i rd n e r i  v a c c i n a t e d  aga ins t  V ib r io  anguil iarum  th r o u g h  d i f f e r e n t  
ro u te s .  H e  not iced  t h a t  i .p .  in jec t ion  p ro d u c e d  good a n t i b o d y  r esponse  
but  t h e  o r a l  .ind i m m e r s i o n  ( n o n - p a r e n t e r a l ) rou tes  p r o d u c e d  l i t t l e  o r  
no c i r c u l a t i n g  an t ibody .  O r a l  i rnm unizHtion  has the  p r o b l e m  of the  d e ­
s t r u c t i o n  o f  antige/) in t h e  s lo ;n a rh  a n d  fo re g e s t  t>efore t h e y  reach  t h e  
im m u n e  s e n s i t iv e  a r e a s  o f  t h e  lower g u t  (R om bou t  e t  a l . ,  ]985  op. c i t . )  
The lo w  l i t r e  value in t h e  oral ly i n o c u l a t e d  group o f  f i s h  may be d u e  
to  t h e  a b o v e  reason.
K u n ngapan  et_ ( iy 8 6 )  v a c c i n a t e d  Nile t i l a p ia  (T i la p ia  n i lo t ica )
with f o m a l i n  killed A e r o m o n a s  hyd ro p h i la  by  i.p. i n j e c t i o n .  At 1 w e e k  
{iont-vacciniiUon, some d e g re e  of  p r o t e c t i o n  against  a n  i n j e c t e d  c h a l le n g e  
was o b s e r v e d .  B e t w e e n  2 and  5 w e e k s ,  the re  w ere  no  m o r ta l i t i e s  in 
v a c c i n a t e d  groups, c o m p a r e d  with 73-80% in  t h e  contro ls .
T h e  p r e s e n t  s tu d y  s u g g e s t s  th e  p o s s ib i l i t y  of i m m u n i z a t i o n  o f  E t ro p lu s  
s u r a t e n s i s  th ro u g h  i n t r a p e r i t o n e a l  i n o c u l a t i o n  aga in s t  A e r o m o n a s  hydrophila  
i n f e c t io n .
C E L L U L A R  LMMUNE R E S P O N S E
T h e  c e l lu la r  r e s p o n s e s  observed  in  E t ro p lu s  s u r a t e n s i s  on the  15th  
day f o l l o w i n g  the  i .m . i n o c u l a t i o n  o f  o v a l b u m i n  a t  t h e  r a t e  o f  25 ^ug /g  
body w e i g h t  on f i r s t  d a y  a s  p r im ary  d o s e  a n d  a  s im i la r  tx>oster  dose on  
10th d a y  a r e  p re s e n te d  b e l o w .
E r y t h r o c y t e  coun t
T h e  e r y t h r o c y t e  c o u n t ,  c a r r ie d  o u t  u s in g  the  i m p r o v e d  N eubauer
fi — R
ruling h a e m o c y t o m e t e r  r a n g e d  from 2 .1 4 x 1 0  m m  to  3.2 x  10 mm in
.6mm -3 In T e leo s t s  h igh
c o n t r o l  f i s h .  The m e a n  v a l u e  was 2 .67  x  10' 
v a r i a t i o n  in e r y t h r o c y t e  c o u n t  have  b e e n  r e p o r t e d .  F o l lo w in g  a r e  e ry th r o ­
c y te  c o u n t s  in d i f f e r e n t  f i s h e s  r e p o r te d  by  d i f f e r e n t  a u th o r s .
Author F i s h
Haws a n d  C h a n n e l  c a t f i s h
G o o d n ig h t  (1962)  I c t a l u r u s  p u n c ta t u s
" Brown b u l l  head
I c t a l u r u s  nebu losus
Mean
2.16x10®mm‘ ^
1.27x10®mm’ ^
Range
M cK nigh t  (1966)  M o u n ta i n  w h i te f i sh
P r o s o p iu m  wil l iamsoni 1.57xl0®mm~^ 1.01-2.34
Conroy  ( 1 9 7 2 )
Denyes a n d  
Joseph  (19 5 6 )
Clark  e t  a l . ,  
(1979)
A t l a n t i c  s a lm o n  
S a lm o  s a l a r
L a rg e  m o u n t h  bass 
M i c r o p t e r u s  sa lm oides
1 .1 6 5 x l0 ^ m m " ^  0.94-1.39
1.72-3.48
0.98-2.76
Autf?or
Siddiqui a n d  
N aseem  (1979)
P e l i i t e r o  a n d  
Pinto  (1987)
Shyni (1993)
Fish
Ronu
Labeo r o h i t a
Sea bass
D i c e n t r a r c h u s  labrax 
A n a b a s  t e s t e u d in e u s
Mean
3.16x10®mm'^
4.67x10‘^ m m '^
Range
2.29x10®mm“ ^ 1.65-2.93
4.41-4.93
In t h e  p resen t  s t u d y  tnere  was no  s ignif icant  d i f f e r e n c e  in t h e  
e r y t h r o c y t e  coun t  t>efore in o cu la t io n  and  on  15th  day a f t e r  t h e  inoculation. 
Trte ery th ro cy te  count r e c o r d e d  in E i ropJus  su ra te n s i s  is  w i t h in  t/ie ran g e  
r e p o r t e d  fo r  o the r  s p e c i e s  tnenlioned a b o v e  and is c o m p a r a b l e  to  t h e  
values r e p o r t e d  for C aras5 ius  a u ra tu s  (.-Anthony 1961), M e r lu c c iu s  m erlucc ius  
(Conroy a n d  Rodrigues 1965) and A n a b a s  tes tud ineus  ( B a n e r j e e  1966).
Leucof»vie coun t
-3 -"iT h e  leucocy te  c o u n t  ranged f ro m  5,200 mm t o  1 1,500 inm
befo re  ino cu la t io n .  T he  m e a n  value was 8 ,3 5 0  mm . T h e r e  w a s  a m arked
increase  in the  num ber  o f  leucocy tes  a f t e r  the  a n t i g e n  a d m in is t r a t io n .
On th e  15 th  day of i n o c u l a t i o n  of  o v a lb u m in ,  the  m ean  l e u c o c y te  coun t
reacf ied  40 ,310  mm  ^ w h ic h  ranged  f rom  35,640 mm ^ t o  44,980 inm
Sidd iqu i  and Naseem  (1979 op. c i t . )  r e p o r t e d  t h a t  t h e  m e a n  leucocy te
-3
count  o f  l .abeo  rofiita w a s  b,250 mm Siwicki and  S tu d n ic k a  (1987)
r e p o r t e d  m a r k e d  in c re a se  in t h e  l e u c o c y te  num bers  on 7 t n  a n d  14th days  
in ( ' a r p ,  C ypr inus  c a rp io  L. whicd w e re  e x p e r im e n ta l l y  in o c u la te d  with  
P s e u d o m o n a s  a lca l igenes  a n d  A erom onas  p u n c t a t a .
T h e  d i f f e re n t ia l  c o u n t  o f  l e u c o c y l c s  showed t h a t  t h e  l y m p h o c y te s  
c o n s t i t u t e d  27% o f  t h e  l e u c o c y t e s  b e f o r e  t h e  an t igen  i n o c u l a t i o n .  I n c r e a s e  
in t h e  l ^ m p h o o y te  c o u n t  w a s  observed  f o l lo w in g  i.m. i n j e c t i o n  o f  ova lbum in .  
On 1 5 th  d a y  o f  p r i m a r y  d o s e  (booster  d o s e  o n  10th day) l y m p h o c y t e  c o n s t i -  
tu ed  55% o f  th e  t o t a l  l e u c o c y te s .  K l o n t z  (1972 op. c i t )  has ,  r e p o r t e d  
m a r k e d  in c r e a s e  in t h e  n u m b e r s  o f  l y m p h o c y t e s  an d  m a c r o p h a g e s  on 5 th  
day i n  ra inbow  t r o u t ,  S a l m o  ga irdneri  w h i c h  w ere  s u b c u ta n e o u s ly  in o c u la te d  
by a  b a c t e r i a l  o r  v i r a l  a n t ig e n .  It is  now  es tab l ished  i n  m o s t  v e r t e b r a t e  
phy la  t h a t  l y m p h o c y te s  a r e  highly d i f f e r e n t i a t e d  c e l l s  w h ic h  respond t o  
im m u n o lo g ic a l  s t im uli  in  a  v a r i e ty  o f  w a y s  (Ellis 1977 a  o p .  c i t . ) .
L ym p h o c y te  a r e  tx ;Ucved to  b e  respons ib le  f o r  t h e  p roduct ion  o f  
s p e c i f i c  an t ibod ies  (E l l i s  1977b). T h e  exposure  t o  a n  an t igen  r e s u l t s  
in t h e  s t im u U t io n  o f  a  s m a l l  numt>er o f  virgin l y m p h o c y t e s  and t h i s  in 
tu rn  l e a d s  to i ts  p r o l i f e r a t i o n  with t h e  d i f f e r e n t i a t i o n  o f  d a u g h te r  l y m p h o ­
c y t e s  (E ll is  1988 b) . T h e r e f o r e  on  t h e  a d m i n i s t r a t i o n  o f  the  a n t i g e n ,  
an  i n c r e a s e  in the  c o u n t  o f  l y m p h o c y t e s  a n d  o th e r  l e u c o c y t e s  which p l a y  
a r o l e  in the  i m m u n e  r esponse  and  a  r e s u l t a n t  e n h a n c e m e n t  o f  s p e c i f i c  
antitKKJies in th e  s e r u m  a r e  logically t o  b e  expeGted.
Morphological ch a rac te ris tic s  of blood ce lls
T h e  i n t im a te  r e l a t i o n s h ip  b e t w e e n  im m uno logy  a n d  h a e m a to lo g y  
is w e l l  e s tab l i shed .  T h o u g h  lot  o f  l i t e r a t u r e  on fish h a e m a t o lo g y  is a v a i ­
l a b l e ,  t h e  n o m e n c l a tu r e  o f  blood c e l l s  s t i l l  p resen ts  a  p r o b le m .  T he  t e r m i ­
n o lo g y  applied  t o  f i s h  b lood  ce l l s  h a s  b e e n  b o r ro w e d  f rom  m a m m a l i a n
naemM iology.  But Ihe f u n c t i o n a l ,  o n t o g e n e t i c  and  m orph o lo g ic a l  s im i la r i t ie s  
b e tw e e n  f i sh  and m a m m a l i a n  blood ce l l s  a r e  not  s t a n d a r d i z e d .  H ae ina io -  
logical  s t u d i e s  in E t ro p lu s  s u ra te n s i s  is v e r y  l im ited .  T h e r e f o r e ,  an e f f o r t  
was m a d e  in the p r e s e n t  w o rk  to  s tu d y  t h e  morphology a n d  to iden t i fy  
and c h a r a c t e r i z e  the  v a r i o u s  blood e e l i s  o f  HtropJus s u r a t e n s i s .  Blood 
from c o n t r o l  animals  w e r e  u t i l i z e d  for t h i s  s t u d y .  The b lo o d  c e l l s  observed  
in t h e  p r e s e n t  s tudy c o u l d  b e  iden t i f ied  i n t o  trie fo l low ing  cells  types .
BLOOD C E L L S
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Sm nll 1
Leucocytes
Lynip/iocytos, th ro jn tx^cyies ,  m o n o c y t e s  and n e u t r o p h i l s  were t h e  
m ajo r  t y p e s  o f  l e u c o c y t e s  iden t i f ied  in t h e  hlood s m e f t r s  o f  L'tropJus 
s u r a t e n s i s .  C h a r a c t e r i s t i c  m orpholog ica l  f e a tu re s  o f  d i f f e r e n t  types  o f  
l e u c o c y t e s  a r e  p r e s e n te d  be low .
Lymphocytes
S m a l l  and large  l y m p n o c y te s  w e r e  observed .  T h e  s m a l l  lym phocy te  
is r o u n d  an d  con ta ins  a  l a rg e  round n u c l e u s  wnich o c c u p i e s  nearly  t h e  
e n t i r e  c e l l  leaving on ly  a  small  (>ortion o f  c lear  blue c y top la sm .  T h e  
n u c le u s  s t a i n s  in tense ly  b lu e  (P la te  VIII a).  The l a r g e  lym phocy te  is 
an  o v o i d  c e l l  with an  e c c e n t r i c  round o r  i r r e g u la r  n u c le u s .  T he  c y to p la s m  
staiii.-i blue with G i e m s n ' s  sla in.
Monocyte
M onocytes  a r e  l a r g e r  cells o f t e n  w i t h  c y to p la s m ic  p ro jec t ions  a n d  
p s e u d o p o d ia .  The c y t o p l a s m  takes  l i t t l e  s t a i n  when e x p o s e d  to G i e m s a ’s 
s ta in .  Vacuoles a r e  p r e s e n t  in the  c y t o p l a s m .  P l a t e  VIII b snows a  
d e v e lo p in g  s tage  o f  t h e  m on ocy te .  T h e  n u c le u s  is u s u a l ly  s i t u a te d  e c c e n ­
t r i c a l l y .  Many w o r k e r s  h a v e  faced  d i f f i c u l t y  in i d e n t i f y i n g  m o n o c y te s  
in f i sh  b lood  (Maiinjan a n d  D hee r  1979 a  op .  cit.).
Thrombocytes
T h ro m b o c y te s  w e r e  observed  in g r o u p s .  Three  t y p e s  o f  th ro m b o c y te s  
such a s  ova l  shaped,  ' t e a r - d r o p '  s h a p e d  o r  fusiform a n d  spindJe s h a p e d  
were iden t i f ie d .  (Jvul  sh a p e d  t h r o m b o c y t e s  a re  s m a l l  th a n  the  o t h e r  
two f o r m s .  Us t iuc leus  is oval. T h e  c e l l  shape is m a i n l y  provided by 
the n u c le u s .  The c y t o p l a s m  surrounding  t h e  nucleus is s m a l l  in q u a n t i t y  
and s t a i a s  faint ly ( P l a t e  IX d). O v a l  sh a p ed  t h r o m b o c y t e  with k idney  
shaped  nuc leus  also w a s  iden t i f ied  ( P l a t e  IX e). In ’ t e a r - d r o p '  s h a p e d  
t h r o m b o c y t e  one end is  p o in te d  and  t h e  o t h e r  end r o u n d e d  (P la te  X f).
The s p in d le  shaped t h r o m b c e y i e i s  e l o n g a t e d  in shape and  i t s  nuc leus  is a l s o  
e lo n g a te d .  The n u c le u s  which is s e e n  in the  m iddle  is  basophil ic  a n d  
c y to p l a s m  pa le  (P la te  XI g).
Neutrophil
T h e y  a re  round c e l l s .  The c y t o p l a s m  conta ins  n u m e r o u s  neu troph i l ic  
g ra n u le s  which  give t h e  c y to p la s m  an a l m o s t  t r a n s lu c e n t  p ink  a p p e a ra n c e .  
Sm all  v a c u o le s  a re  fo u n d  in t h e  c y to p la s tn .  T h e  nucleus i s  p l a c e d  e c c e n t r i ­
ca l ly  ( P l a t e  VIII c).
Macrophage
M acrophages  a r e  l a r g e  cells ,  v a r i a b l e  in s h a p e ,  a n d  f re q u e n t ly  
p ossess ing  num erous  s m a l l  vacuoles  w i t h i n  the  c y to p l a s m .  Nucleus is 
sm a l l  in  p roport ion  t o  t h e  t o t a l  cell  v o l u m e .  The c y t o p l a s m  s ta ins  b lue  
with G i e m s a ' s  s ta in  ( P l a t e  XII h).
O f  t h e  four t y p e s  o f  th ro m b o c y te s  r e p o r t e d  in f i s h e s  (round, o v a l ,  
fu s i fo rm  a n d  ' t e a r -d r o p '  s h a p e d )  a l l  t y p e s  e x c e p t  th e  roun i  t y p e  w ere  ob ­
se rv e d  in Etroplus s u r a t c n s i s .  The fu n c t io n  o f  t h r o m b o c y te s  is  the  c lo t t in g  
o f  b lood .  Basophils an d  eos inophi ls  a r e  r a r e  in fish blood a n d  not  r e p o r te d  
in m a n y  s p e c ie s  s tu d ie d .  T hey  w ere  n o t  obse rved  in t h e  blood s m e a r s  
o f  E t ro p lu s  su ra tens is  a lso .
Red Blood Cells (RBC)
T h e  RBC of  E t r o p l u s  su ra tens is  w a s  ova l  and t h e  n u c le u s  c le a r ly  
visible. T h e  cy toplasm  w a s  lightly s t a i n e d  and  d e v e lo p e d  v io le t  co lour
P U i e  VIII. a .  Sm all  l y m p h o c y t e ,  U ie m sa  x 1000
b. Developing s t a g e  o f  m o n o c y t e ,  G iem sa  x 1000
c .  Neutrophil , G i e m s a  x lOOU
P l a te  IX. d .  O val  shaped t h r o m b o c y t e ,  U i e m s a  x 1000
e .  O val  shaped t n r o t n b o c y t e  witfi k id n e y  shaped  n u c le u s ,  
G iem sa  x 1000
j.  Round RBC, G i e m s a  x 1000 
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%I I
\
(
I
Pla te  XU, h .  M acrophage ,  G i e m s a  x  1000
wilh  G i e m s H 's  s la in .  'I’h e  n u c le u s  s t a i n e d  d e e p  violet .  N o  v a c u o le s  w ere  
o&served i n  the  c y to p l a s m  o f  ihe  c e l l  ( P l a t e  X j). In a d d i t i o n  to  ova l  
cells , r o u n d  a n d  t r i a n g u la r  r e d  blood c e l l s  a l s o  w e r e  o b s e r v e d  ( P l a t e  IX j,k). 
Conroy  ( 1 9 7 2  op. c i t . )  o b s e r v e d  large  n u m b e r  o f  rounded  H B C  in A t l a n t i c  
sa lm on,  S a l m o  sa la r  an d  a t t r i b u t e d  in to  a c t i v e  c r y t h r o p o ie s i s .  T he  physio ­
log ica l  e f f i c i e n c y  o f  t h e  c e l l s  is r e l a t e d  t o  i t s  shape  a n d  v o l u m e  ( H a r tm a n  
and  L e s s l e r  1964).
T h e  in o rp h o in e t r ic  m e a s u r e m e n t s  o f  R e d  Blood C e l l s  a re  show n  
in the  T a b l e  1U below.
C e l l N u c l e u s R a t io  o f  
m ea n  cell  
d i a m e t e r  t o  
m ean n u c le i  
d i a m e te r  
^um
Mean
Length
^iim
Moan
W idth
^iim
M e a n
d i a m e t e r
^uin
Mean
Length
^um
M e a n
W id th
^um
Mean
d i a m e t e r
^um
10.828 7.508 y . l G 8 5.315 3 .5 0 2 4.40
t ± t ± ± ± 2.083
1.079 U.‘J49 1.014 1.326 0 .5 3 6 0.931
T n e  m a t u r e  n n ( ; s  va r jeO  in l e n g t h  f ro m  8.3 t o  13 .28  and
in w ia tn  f r o m  5.87 to  8 .3  ^um . T he  m e n n  d i a m e te r  o f  t h e  cell was 
y . l68  ^um  a n d  o f  th e  n u c l e u s  4.40 ^um, A c c o r d in g  t o  M a h a j a n  and D heer  
( iy79a  o p .  c i t . ) ,  the  m e a n  HUC d i a m e t e r  o f  C hanna  p u n c t a t u s  was 9.5 ±
0.14^um a n d  t h a t  o f  n u c l e u s  3 .5  ± 0 . 3 l ^ u m .  B oom ker  (1981)  r e p o r t e d  t h a t  
ihe  incnn  c e l l  d i a m e t e r  a n d  nuc leus  d i a m e t e r  o f  C h a n n a  g a r i e p in u s  was
7.65 ± 1 .35 ^um and 2 .93 t  U.225 ^um r e s p e c t i v e l y .  Shyni  (1993 op. c i t ) .
r e p o r t e d  tfiat m a t u r e  R B C s  varied in l e n g t h  from 9 .80  t o  12.74 ^um a n d  
in w id th  from 4.90 t o  9 . 8 0 /um in A n a b a s  tes teud ineus .  T h e  p resen t  s t u d y  
in d ic a te  t h a t  tn e  t n o r p h o m e t r i c  p a r a m e t e r s  of the  ifed Blood C e l l s  o f  
E t ro p lu s  su ra tens is  is  w i t h in  the r a n g e  r e p o r t e d  for o t ^ e r  spec ies .
aSUMMARY
SUMMARY
T h e  presen t  s i u a y  was c a r r i e d  o u t  to e v a lu a t e  t h e  hamoral  a n d  
c e l l u l a r  im m une r e s p o n s e  in Etroplus s u r a t e n s i s  to so lu b le  p ro te in  a n t i g e n s  
such  a s  ovalbumin a n d  B ov ine  Serum A lb u m in  as well a s  b a c te r i a l  a n t i g e n  
A e r o m o n a s  hydropfiila.
T h e  specif ic  an ii tK x3 ies  p r o d u c e d  w ere  d e t e c t e d  a n d  q u a n t i f i e d  
by p r e c i p i t a t i o n  a nd  a g g lu t in a t io n  t e s t s .  Antibody r e s p o n s e  to d i f f e r e n t  
d o s e s  o f  ovalbumin w a s  co tnpared  t o  d e te r m i n e  t h e  a p p ro p r i a t e  d o s e .  
T n e  im m unologica l  r e s p o n s e  to i n t r a m u s c u l a r  and i n t r a p e r i t o n e a l  r o u t e s  
o f  ova lbum in  i n o c u la t i o n s  were c o m p a r e d .  C om par i son  o f  tne im m u n o ­
lo g ic a l  response  to  o v a lb u m in  by d i f f e r e n t  size g ro u p s  w e r e  also c a r r i e d  
o u t .  T h e  i rnrnunosuppress ive  e f f e c t  o f  c o p p e r  was a s s e s s e d .  Im m unolog ica l  
r e s p o n s e  to  d i f f e re n t  a n t i g e n s  were a l s o  co m p a re d .
Fishes  w ere  im m u n iz e d  a g a in s t  A erom onas  h y d r o p h i l a  through i .p . ,
i .m .  a n d  oral  r o u te s  a n d  trieir e f f i c i e n c y  in p r o t e c t i n g  t h e  fish a g a i n s t  
l iv e  b a c t e r i a l  c h a l l e n g e  w a s  assessed.
C e l lu la r  c h a n g e s  t o  ovalbumin a d m in i s t r a t i o n  w a s  a l s o  in v e s t ig a te d .  
D i f f e r e n t  cell types  in t h e  blood a lso  w e r e  identif ied .  T h e  sa l ien t  f ind ings  
o f  t h e  s tu d y  a r e  s u m m e r i s e d  below.
1. Etroplus s u r a t e n s i s  im m uno log ica l ly  responded t o  a l l  the a n t i g e n s  
t e s t e d  viz., o v a l b u m i n ,  Bovine S e r u m  Albumin a n d  A erom onas  h y d r o ­
ph i la . The s{>ecific  an t ibod ies  p r o d u c e d  a g a in s t  t h e  above a n t i g e n s  
could  be* d e l e c t e d  by p re c ip i t a t i o n  a n d /o r  a g g u l t i n a t i o n  tes ts .
2. C l e a r  p r e c ip i t a t io n  bands were p ro d u c e d  in l iqu id  mediujD a s  wel l  
a s  in agarose  g e l  by single d i f f u s io n  in one d i m e n s i o n  and d o u b le  
diffusion in o n e  dimension. Agglut inat ion t e s t ,  c h a r a c t e r i z e d  
by the c lum ping  o f  bacter ia l  c e l l s  w as  d e m o n s t r a t e d  on  glass s l id e s .
3. Ovalbumin a t  t h e  r a l e  o f  25 ^ u g /g  weight w a s  found  to  be  t n e  
appropriate  d o s e  fo r  evoking g o o d  pr im ary  and s e c o n d a r y  r e sponses .  
A high dose o f  50^ug/g  ova lbum in  produced im m u n o lo g ic a l  t o l e r a n c e  
with  low p r im a r y  antibody l i t r e s .
4. In tramuscular  inocula t ion  of ov a lb u m in  p ro d u c e d  higner  a n t ib o d y  
l i t r e s  m an  t h e  in t raper i lonea l  r o u t e  both in t h e  p r im a ry  and  t h e  
secondary r e s p o n s e s .  P re c ip i ta t in g  an tibodies  a p p e a r e d  in th e  s e r u m  
on 3rd day  in i .m .inocu la t io / i  whereas  in i.p. i n o c u l a t i o n  i t  was on 
6 th  day.
5. T h e re  was no s ign i f ican t  d i f f e r e n c e  in th e  a n t i b o d y  l i t r e  v a lu e s  
a m ong  d i f f e r e n t  s i z e  groups (5 -1 2 0  g) of  E t r o p l u s  su ra tens is  w i t h  
ovalbumin as  t h e  an t igen .  This  sug g e s t s  the  p o s s ib i l i t y  of i m m u n i ­
z a t io n  of  this  s p e c i e s  even a t  t h e  s i z e  of 5g body  w e igh t .
6* in the  p r im a ry  response  phase,  t h e  antibody l i t r e  r e a c h e d  i ts  p e a k
on 9th day. A b o o s t e r  dose s t i m u l a t e d  an t ibody p ro d u c t io n  r e s u l t i n g
in the  sudden i n c r e a s e  o f  l i t r e  values .  T he  s e c o n d a r y  r e s p o n s e  
p h a s e  was found  t o  be prolonged a lso .
7. Copper  was s h o w n  to have im m unosuppress ive  e f f e c t  in E t rop lus  
sura tensis .  T h e r e  was co n s id e rab le  reduct ion in t h e  antitx>dy t i t r e  
va lues  in t h e  f i sh  which w e re  exposed  to  c o p p e r  in the  w a t e r .
8. Bovine Serum A lb u m in  had a w e a k e r  im m unolog ica l  response w hen  
com pared  to  t h a t  o f  ovalbumin.
9. Aeromonas h y d ro p h i l a  p roduced  p rec ip i ta t ing  a n d  agg lu t ina t ing  
antibodies in E t ro p lu s  s u ra te n s i s .  I n t r a p e r i to n e a l  r o u t e  produced  
th e  highest anti t>ody t i t r e s  c o m p a r e d  to  i n t r a m u s c u la r  and  o r a l  
inoculations.
10. On challenge e x p e r im e n t  wi th  l iv e  bacter ia ,  m o r t a l i t y  was l e a s t  
in i n t r a p e r i to n e a l ly  immunized f ish  followed by  in t r a m u s c u la r  a n d  
oraJ  im m un iza t ions .  I n t r a p e r i to n e a l  im m un iza t ion  g a v e  80% p r o t ­
ec t ion .  The r e s u l t  pointed t o  t h e  possibility o f  im m u n iz a t io n  o f  
Etroplus s u r a t e n s i s  against  hydrophila  i n j e c t i o n  through i .p .  
rou te .
I t .  Leucocyte  c o u n t  ha d  inc reased  s ignif icantly  fo l lo w in g  ova lbum in  
inoculation. T h e r e  was a m a r k e d  inc rease  in t h e  n u m b e r  o f  l y m p ­
h ocy tes .  RBC c o u n t  did not  sh o w  a n y  change.
12. Morphological c h a r a c t e r i s t i c s  o f  b lood  cells w e r e  s tud ied .  O va l ,  
r o u n d  and t r i a n g u l a r  Red Blood C e l l s  were o b s e r v e d  in th e  b lood  
s m e a r s .  M o n o c y te s ,  ly m p h o c y te  (small  and l a r g e ) ,  neu troph i ls ,  
m ac rophages  a n d  t h r e e  types  o f  th ro m b o c y te s  v i z . ,  oval, ' t e a r ­
d r o p '  shaped a n d  sp ind le  shaped  c o u ld  be i d e n t i f i e d  in th e  b lo od  
s m e a r s .
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